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FOREWORD 

As the equipment used by the armed forces becomes progressively 
more complex  it places a greater ..nd greater demand on the individual 
soldier.    In order to avoid overloading the mental and physical  capa- 
bilities of this individual it is important to analyze newly developed 
weapons systems to determine how the man-machine interfaces of such 
weapons can best be designed for optimal utilization by the human 
operator.    To this end the present human factors evaluation of a tacti- 
cal janwing system was conducted in April  1978, at Fort Hood, Texas 
in response to a Human Resources Need sponsored by the TRADOC Combined 
Arms Test Activity (TCATA).    The present repgr^ supplements the TCATA 
Operational Test 518 Report and contributed to determinTng system 
modifications and whether or not to enter low rate Initial production 
of the system. 
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HUNAN FACTORS EVALUATION OF A TACTICAL JAMMING SYSTEM (AN/MLQ-34. 
TACJAM) UNDERGOING OPERATIONAL TESTING 

BRIEF 

RMuirement: 

This research was conducted as a human factors evaluation of a 
tactical  jamninq system (AN/MLQ-34, TACJAM),in response to a request 
from the TRADOC Combined Arms Test ActivitjMTCATA),    The evaluation 
was conducted in conjunction with TCAIA fTT 518 (Tactical Communications 
Janmlnq System Operational Test 11).^ This report is designed to 
supplement the TCATA OT 518 Test Report.    It identifies man-mdchine 
interface problems which pose possible hazards  to system operators 
and/or which reduce system effectiveness.    It also suggests changes  in 
hardware design,  operating procedures, and training procedures which 
should alleviate these problems, v 

Procedure: 

The methods used In coPecting the data included questionnaires, 
interviews,  and measurements of hardware.     Data were collected on 
Individual hardware components, workspace and equipment  layout, 
environment, safety, operating procedures,  training, and organiza- 
tional maintenance.    Analysis of the data focused on (1) determlnlnq 
what problems,  if any,  the TACJAM operators encountered In operating 
the system, and (?) how problems  that were encountered might be 
corrected. 

Principal  Conclusions: 

•    Individual  Components - Although the components of the system 
were generally found to be satisfactory  from a human engineering 
perspective,  it was determined that several equipment modifications 
would Increase system efficiency.    Examples include rearranging the 
switches on the function button panel  so that a given switch is easier 
to locate, providing an external speaker inside the shelter for the 
VHF-FM communications system so that the operator does not have to 
monitor his handset, and locating the warning lights for the heat 
exchanger and air conditioners closer to the operator's primary field 
of view. 
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• S ^ety - Because of the high noise level that exists when the 
engine is driving the generator, system operators should be warned to 
wear ear protection when working near the cargo carrier. 

• Operating Procedures - The Operator's Manual needs to be revised 
to correct numerous errors, expanded to IncTude a üetter explanation 
of some functions, and reorganized so that it is easier for an operator 
to follow in a step-by-step manner. 

• Training - Because most operators will   likely be relatively 
intelligent soldiers who will be motivated to understand the whole 
system,  the  training program that will be developed for TACJAM operators 
should include at least a basic explanation of all of the panels in 
the system, even though an operator may not need to use all of them. 
Additionally, it is recommended that operators be trained to replace 
fuses. 

• Organizational Maintenance - The extra tools (special alien 
wrenches and offset screwdrivers)   that were issued to the test main- 
tenance personnel by the system contractor should be issued to TACJAM 
maintenance personnel  in order to enhance their ability to perform 
TACJAM maintenance.    Also, the maintenance manuals should be revised 
to correct  inaccuracies and to insure more complete coverage of 
maintenance  tasks. 

Utilization  of Findings: 

The findings of this research will be considered in conjunction 
wi  h other test data to identify needed change's in equipment design, 
training programs, and operating procedures  in order to maximize the 
effectiveness  of the TACJAM system.    The results will also be used as 
input to determine whether to enter low rate  initial production of the 
system, and to assist in the design of future electronics warfare 
systems. 
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HUMAN FACTORS EVALUATION OF A TACTICAL JAFflING SYSTLM  (AN/MLQ-34. 
TACJAM) UNDERGOING OPERATIONAL TESTING 

INTRODUCTION 

Any military system should be designed to be maximally effective 
because of  the large costs that can be incurred  in  terms of lives and 
money in an armed conflict.    This is particularly true of a jammimj 
system on today's battlefield where a sophisticated aggressor can 
rapidly  locate and bring artillery to bear on targets emitting high 
power electromagnetic signatures. 

The AN/MLQ-34, TACJAM system is a high power,  divisional  level, 
tactical  jamming system which ii configured in a shelter mounted on 
an M548 full-tracked cargo carrier.    Computer-tuned  transmitters and 
receivers give the systerr the capability of jamming multiple targets 
simultaneously, and a pneumatically controlled antenna illows for rapid 
emplacement and displacement of the system. 

In order to provide for maximum effectiveness of the TACJAM system 
the following human factors evaluation was carried out while TACJAM 
was undergoing an Operational Test II by TCATA at Fort Hood, Texas, 
The major purpose of the evaluation was to identify any man-machine 
interface problems that reduce the effectiveness of the system, and 
to alleviate such problems by recommending changes in hardware design, 
operating procedures,  and/or training programs. 

METHODOLOGY 

Data of  this  research came from three sources:     operators, main- 
tenance personnel,  and eguipment.    Data from the operators and 
maintenance personnel were obtained through interviews and question- 
naires.    Five operators were trained to operate the system, with four 
of them having the MOS of 98G (EW/SIGINT Voice  Interceptor) and one 
having an MOS of 98C  {EW/SIGINT Analyst),     Two maintenance personnel 
were trained to maintain the system, with both of  them having a 33S 
MOS, 

Data from the hardware were obtained by taking measurements of 
the equipment. 
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OUFSTIONNAlRfS AND  INURVltWS 

The TACJAM system operators were asked to (uniplete questionnaires 
concerninq prohlems  they encountered while operatinq the TACJAM system. 
The questionnaire  (Appendix A)   required the operator to rate  the 
adequacy ot various aspects of  individual panels, workspace, environ- 
ment, safety, operating procedures, and training.    The questionnaire 
was administered to each operator individually as he sat in the 
operator's position  inside the shelter.    The interviewer sat next to 
the operator and manually recorded any verbal comments  the operator 
wished to make as he  gave a rating to each of the questions on  the 
questionnaire.    The operators were specifically asked to explain any 
Borderline,  Inadequate, or Very  Inadequate answers.    Each question- 
naire-interview session lasted from 1-1/? to 2 hours.    Because of the 
small number ot operators available for interviews  (N ■ S)  the results 
are not summarized  in tabular form in the report for each question 
on  the questionnaire.     Instead,  the number of operators making a 
given complaint or recommendation  is presented in the text along with 
a sunmary of their comments. 

During the interviews the operators indicated that they never 
operated several of  the panels  that were listed  in the questionnaire. 
These included the antenna deploy junction box,  the filtered 400 Hz 
power distributor circuit breaker panel,  the digital data synchro- 
nizer, the multiplexer,  the demultiplexer, and the exciter panels. 
Consequently, these panels were not rated by the operators. 

One week after the questionnaire-interview sessions  the operators 
were gathered together for an  informal, unstructured group interview 
and were asked If  they had any other comments to make about the system 
in general, and the operator's manual  in particular.     An operator's 
manual was provided  for their review.    This session  lasted about 1/2 
hour and all conments made by  the operators were manually recorded by 
the interviewer. 

The maintenance personnel  were asked to complete two question- 
naires (Appendices B and C)  pertaining to their jobs as TACJAM main- 
tenance men.    Those comments which they made verbally  to the question- 
naire administrator,   rather  than on the questionnaire, were manually 
recorded.    All of the results are summarized in the results section of 
this paper. 

HARDWARt MEASURtMlNTS 

Measurements were  taken of  the TACJAM equipment  itself in order 
to supplement the  information  from the questionnaire-interviews and to 
determine whether or not construction of the system was  in accordance 
with the military  standards  listed in Military Standard 1472B and 
Military Handbook  759.    The measurementsTncluded size, conTTquration, 
and'style oT knobs and dials,  the location of frequently used panels. 
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and sound and light  level measurements.    The sound level measurements 
were taken on  the db{A)  scale uslnq a 1565-B Sound Level Meter (General 
Radio) calibrated at 114 db(A).    The light  level measurements were 
taken with a Silicon cell Spotmeter (Kollmorgen Corp.). 

Measurements  that were not  in accordance with military standards 
are so noted in  the report. 

RESULTS AND DISCUSSION 

The TACJAM system is configured in such  I way that 
functional as well as structural parts to thf system, 
ing, these parts can be characterized as: 
Operation, and  (3) System Checkout.    Each 
separately. 

SYSTEM SET-UP EQUIPMENT 

there are three 
Generally speak- 

(1) System Set-up,  U) System 
of  these will  be discussed 

Those parts  of TACJAM concerned with system set-up consist of 
(iround-rod driver assembly,   the generator control  panel,  the omerc 
air supply sw'tch,  and the deploy switch and control  for the data 
antenna.    Generally speakinq,  the operators   found these parts  to fc 

consist of the 
emenjency 
data link 

mq,  the operators   found these parts  to be 
adequate, although several   suggestions were made  for  improving them. 

Ground-rod Driver Ajsjembjjf.    The qround-rod driver assembly is 
located on the  front of the vehicle and is  used to drive a rod into 
the ground for  the purpose of grounding the system.    To operate the 
assembly the operator mounts a ground rod under the driver and de- 
oresses the power ON switch.    The operators generally rated this piece 
of equipment as  adequate, although two suggestions were made for im- 
proving the apparatus.    First,  one operator pointed out that  in the 
course of setting up  the TACJAM system one operator begins powering 
up the system and erecting  the antenna while  the other operator em- 
olaces  the ground rod.     If the ground rod encounters a rock or other 
hard object hidden in  the ground before it   is completely emplaced, 
however, then  the vehicle must be moved to another location to avoid the 
object.    This necessitates   lowering the antenna and powering down the 
system before moving the vehicle and can cause loss of valuable time in 
an  intense combat situation.     If the qround-rod driver assembly were 
mounted in such a way that  it could be moved horizontally across 
the front of  the vehicle, however, then the vehicle would not have 
to be moved whenever a rock or other immovable object  interferred 
with emplacement.    This idea should be given consideration  in the 
design of future TACJAM systems. 

Another comment made by one of the operators was that   it miqht be 
useful  to alter the ground rod driver assembly by attachinq a winch 
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to  It  ^o that  it can be used  to  remove rods from the ground when dis- 
placing the TACJAM system to another  location.     It   is almost  impossible 
to remove ground rods  by hand,  and  in an intense combat environment 
where supply lines are  likely  to become burdened with other priorities, 
ground rods might be difficult  to obtain.    Thus,   it would be   /ery use- 
ful  to have the capability of removing ground rods  for repeated use. 

^*r*.rit.or A0f,t.ro^ .^üfJ •    ^e q^nerator control  panel   is  located 
just behind the cab on  the driver's  side of the vehicle.     It consists 
primarily of on-off  switches  for the generator and AC power,  dials  for 
checking power output,  voltage,  and frequency, and switches  for con- 
trolling the antenna and the antenna mast door.    The only  conwent made 
about  this panel was by one operator who said that   it  is  somewhat 
difficult to read the  indicators  and labels on the panel  because of 
its high location  (this operator was of average height; 5*   10"  tall). 
Thus,  consideration should be given  to installi.ig a  foothold and hand- 
hold on the side of the vehicle so that the generator control  panel 
is more accessible to TACJAM personnel. 

Emergency Air Supply Switch.     The emergency air supply switch  Is 
located just to the  left of  the d  iver's seat in  the  cargo carrier, 
and  is used to erect  the antenna when  the primary air supply system 
fails.     No adverse comments were made about this  switch. 

Deploy Switch and Control^ f or J)ata Link Antenna.    This  switch, 
located  iust  inside  the shelter door,  is used'to deploy the antenna 
that server as a data  link with other intelligence systems that are 
designed to control  TACJAM from remote  locations.     The only unfavor- 
able comment made here was  that   it  is somewhat difficult  to reach  the 
switch and control when  the shelter door is closed because  the door 
handle is  in the way.     Locating  the switch and control about six Inches 
higher would alleviate  this  problem. 

SYSTEM OPfRATION [QUIPMENT 

Those parts of TACJAM which are designed for the operator's use 
In  intercepting and  jamming enemy radio transmissions are configured 
in a single operator's  console  (Figure 1).    Basically, this  console 
consists of a TACJAM control  panel,  a function button panel, a  receiver 
control panel, a keyboard, a plasma display indicator panel, and a 
panoramic  indicator. 

TACJAM Control  Panel.     This  panel  serves as  the  Interface between 
the operator and the l)uilt in test equipment, the receivers and trans- 
mitters,  and the communications  and audio recording equipment.     The 
operators  rated this panel  as  adequate. 

Function BuUqn. Panel-    The  function button panel   (Figures   1  and 
2)  Is used by the operator primarily to call up various pages  from 
computer memory.    There were several  adverse comments made about this 
panel,  along with recomendations  for improving It. 
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The first comment was made by the operator who had t'    most 
experience with the TACJAM system and was  the only one who had oper- 
ated  it while wearing hand gloves.    He rated the panel  a:, borderline 
with respect  to the spacing between  the  legend switches when wearing 
gloves because it is rather easy to accidently hit two switches at 
once when wearing gloves.    This  is not surprising because the function 
button panel   is built with essentially ro distance separating  the two 
rows of switches and the adjacent switches  in a given row.     Designing 
this panel with an interswitch distance of at  least  1/8 inch would 
mitigate this problem. 

Another co»uplaint about  the function button panel was made by 
three of the operators and had to do with the organization or sequence 
of switches on the panel.     It was suggested that the spot page switches 
be  linearly arranged in a single  row and that maximum use be made of 
the nonfunctional  switches as  spacers  to ^f,1p reduce the chances of 
hitting  the wrong switch when  an operator Is  in a hurry.     Figure 3 shows 
a reconmended arrangement of switches which takes these  latter two com- 
ments  into account and clusters  switches  together on  the basis of func- 
tion.     It can be seen that  the  "spot page"  switches are all  arranged  in 
the same row  to facilitate  locating a given switch, and  the "execute" 
switch  is  located next to the "summary page" switch since  it  is used to 
execute conwands entered in  the sunwary page.    Similarly,  the switches 
concerned with alternate data  ("store alternate spot,"  "display alternat«* 
spot,"  and "swap tasking")  are collocated,  and the "enter change"  switch 
is collocated with the "fault page" and "lockout page"  switches as well 
as  located below the "spot pages"  to facilitate entering changes  into 
these pages. 

Two other criticisms were made of  the function button panel  by one 
of the operators.    First it was noted that the lamps behind the switches 
frequently burn out, thus making  it somewhat difficult to read the  legend 
on  the switch.    This problem could be alleviated by assigning the oper- 
ator a supply of lamps and instructing  them on how to replace the  lamps 
when  they burn out. 

The other criticism that 
resistance exhibited by the 
touch activates a switch whl 
force is required.    The prob 
tivity  is  that It breaks up 
the  s/stem and hence reduces 
stop and retouch a switch th 
problem could be reduced by 
tance.     (It should be noted 
that Military Standard  147?B 
Is 40 ounces.) 

this  operator made was  that  the amount of 
switches varies so that sometimes a  light 
le  at other times  it seems  that much more 
lern with such differential  switch sensl- 
an operator's work  rhythm when he  is operating 
his efficiency because he sometimes  has   to 

at he though he already activated.     This 
giving all  of the switches  the same resis- 
in  this regard that the minimüpi resistance 

recormends   Is   10 ounces, while  the maximum 
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K^ceiver  Control Panel.     The receiver control panel allows  tht- 
7ACJAM operator to tune The receivers  to selected frequencies as well 
as adjust the receivers with respect to other characteristics such as 
mode,  gain control, and bandwidth. 

Two of  the operators rated  this panel  as borderline with respect 
to the presence of unrelated and nonfunctional  switches.    They failed 
to see why controls such as  the AF gain control, the AFC switch,  and 
the STG STR/TIM meter are on  the panel   if  they have no function  for 
TACJAM.     Even though the operators  realized that panels of a given 
design are often used in several  different electronic systems with just 
the components appropriate to  that particular system operational  at the 
time,   it seemed to serve as a mild  irritant to them to have nonfunctional 
controls  and displays on the panel.     This  problem, which can probably 
be solved by a proper training program, will be discussed later  in this 
report. 

The other problem, noted by one operator, was  that  the FAST PULSt 
AflC  (Automatic Gain Control)  switch and  the MGC (Manual Gain Control) 
switch  have a tendency to stick when  they are pressed.    Since  this 
complaint was not ..lade about any other switch or button on any other 
panel,   the problem is probably unique to the particular switches on 
this  receiver control panel  and could be  taken care of by organiza- 
tional  maintenance. 

Keyboard.    TACJAM operators  use the  keyboard to enter infornation 
onto the particular page from computer memory  that  is being displayed on 
the plasma display.    The keys are  like those found on a standard 
electric  typewriter with extra  keys  added on  the periphery for con- 
trolling certain system functions.    Also,  since this keyboard  is used 
in other electronic systems  there are some keys which are nonfunctional 
with respect to the TACJAM system. 

Several  criticisms were directed at this keyboard.    First,  the only 
operator to have operated the system while wearing gloves complained 
that the keys are too sensitive to the touch when one wears gloves, 
with  the result  that incorrect   information  is  frequently entered onto 
the plasma display and has  to be corrected,  thus slowing the operator 
down  and reducing his efficiency.     (It should be noted  that although 
the heat from the system will  usually keep the temperature  inside the 
shelter at  a high enough  level   that gloves are not needed, gloves might 
very well  be needed in a chemical  environment.) 

Another criticism of the keyboard, made by two of the operators is 
In contrast to the above criticism; namely, that sometimes a digit or 
letter will  not register on the plasma display even though the operator 
Is certain  that he has pressed  It.     This  problem Is relatively common 
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iind was (k»monst rated to thr inter viewer hy one of  the operators who 
typed an a/iniuth  into the keyboard I'ut only  received the a/imuth 
minus one diqit as  readout on the plasma display.    The effect o^ such 
a problem is  to slow down the operator when he is entering his  tasking 
and  in an  intense combat situation this could have serious consequences. 
This problem is one that should be  looked at  in more detail by the 
engineers who are responsible for construction of the system. 

The final  criticism of the keyboard was made by four of the five 
operators and has  to do with the extra nonfunctional keys  located on 
the keyboard.     That portion of the keyboard used by the operator 
includes:     (a)  the standard "QWERTY" keyboard section which Is similar 
to the keyboard one would find on a standard electric typewriter, along 
with a few keys  representing other symbols and controls, (b)  a set of 
numeric keys and curser control  keys,  and (c)   three indicator/control 
keys,  one of which  indicates  that   the keyboard is on, another which 
indicates  that the CPU is busy, and a third which  is used to set  the 
keyboard  in  the only mode (alphanumeric)   in which  it functions.     All 
other keys  (?5 total) have no function for the TACJAM system.    As 
mentioned earlier.  In this report,   the operators  reported some irritation 
over  the presence of nonfunctional  keys and switches and this was par- 
ticularly true with  the keyboard.     Upon further questioning  in the 
interview session It became apparent  that what actually bothered the 
operators was being told not  to worry about excess controls and  Indica- 
tors  that have nothing to do with TACJAM.     The operators were curious 
about  the switches and keys and wanted some explanation as  to what 
function  they serve  in other electronic systems.     In short,  the 
operators wanted a more complete understanding of the equipment,  to 
even  include the nonfunctional aspects of It.     This matter will be 
further discussed in the training section of  this report. 

Mtlt Wtplav.     The plasma display Is used to display Information 
which  is contained  in the various pages  (spot,  summary, fault, etc.) of 
computer memory to which the operator has access and can change.     In 
addition, adjacent  to the plasma display  itself are a number of Indica- 
tors  and controls  for the transmitters,  the antenna mast, and communica- 
tions. 

The only comment about the plasma display  itself was by one operator 
who said that he sometimes had difficulty  locating the curser in the 
plasma display.    However, none of the other operators had this problem. 
A more serious criticism, by two of the operators, concerned the commo 
call   light which  lights up when the central processing center is 
attempting to pass a secure message to TACJAM.     The problem here, 
according to the operators,  is  that  there Is no such signal  to indicate 
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to the operator when someone is attempting to pass a nonsecure message 
to TACJAM over the radio net that the TACJAM operator normally monitors 
over the handset.  If the operator happens to be doing something that 
precludes him from monitoring the net, then he will miss the call and 
there is no way to communicate with him until he happens to get back 
to monitoring his assigned net. Building a visual signal into the system 
to indicate the presence of an incoming signal over the VHF-FM conmuni- 
nations net would solve this problem. 

Panoramic^ Dijpja^. The panoramic display is basically a cathode 
ray tube whTch graphically displays a signal that is being monitored 
by one of the TACJAM receivers.  Its primary usefulness to the operator 
lies in the fact that it also displays signals occurring in a band of 
frequencies on either side of the primary frequency. The width of this 
band can be specified by the operators from,05 MH/ minimum to 10 MH; 
maximum. The operators generally felt that this is an extremely useful 
piece of equipment. The only adverse comment, indicated by three of the 
operators, was that it is somewhat difficult to see the bottom part of 
the display when the operator is sitting close to the operator's console 
and operating the TACJAM controls.  A small lip protrudes out from around 
the display screen and causes the operator to have to lean back away from 
the console to see the bottom line of the frequency display. Although 
adjustment of the botton line so that it is halfway up the screen itself 
is possible, this cuts off the top part of the signal that is being dis- 
played at the time and thus reduces the information content which the 
operator receives. Eliminating the bottom part of the lip around the 
display would alleviate this problem. 

SYSTEM CHECKOUT EQUIPMENT 

The remaining TACJAM eguipment which is located in the shelter is 
primarily concerned with providing the operator with information as to 
whether or not the system is functioning adequately (although there are 
some toftrols on this equipment which can also be classified under the 
heading of system operation). 

Auxiliary Equipment, Control Panels. The auxiliary equipment con- 
trol paneTs are löcalelT on the wall adjacent to the operator's console. 
They consist of:  (a) the remote control for the heat exchanger with 
indicator lights for low flow, low level, and high temperature, (b) the 
remote control for the air conditioners with indicator lights for dirty 
filters, (c) the remote control for changing channels on the GRC-103 
radio, and (d) a thermometer. 

Three operators criticised the location of these units because they 
are out of the operator's field of view v'fvn he is involved with operatinn 
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Ihr i'nuipini'fit  on   the  ijptlUtWTI  Lonsol«'.     Conseqiirnt ly,   the operator 
does not see  the warninq  lights  if they come on,  as  in fact happened 
in one case during the operational  test.    This is especially true of 
the heat exchanger lights.    Lowering these units to a place on the shelter 
wall that is more parallel with the operators eye level  (about 45 inches 
fron the floor) would mitigate this problem, and using flashing red lights 
to indicate a faulty condition should eliminate the problem entirely. 

TfMIMritttr MWtlt.    The three transmitter panels are located 
directly behind the operator as he sits  facing the operator's console. 
These panels primarily consist of indicator lights to signal the failure 
of basic power modules for each transmitter.    No adverse comnents were 
made about these panels.    In fact, one operator pointed out that the 
location of  the panels  is quite convenient because their reflection can 
be seen in the plasma panel  and consequently the operator can scan the 
indicator  lights without having to turn around.     The reflection,  it should 
be noted, does not  interfere with seeing any Information that  is displayed 
on the plasma panel. 

Antenna control  unit jane 1.    The antenna control  unit is the top 
unit in a rack of units  located' to the left of the operator as he faces 
the operator's console.    The controls and displays on this unit panel 
allow the operator to sit and check  the a/imuth and polarization of the 
antenna during a jamming mission. 

Two of the operators noted that one cannot read the indicators on 
the antenna control  unit panel when one  is sitting down because of  its 
high  location  in  the rack.    Placing the unit  in a  lower location would 
help, even  if  it only  involved switching places with  the unit just below 
it  (signal   interface distribution unit). 

The only other comment about  this unit came out  in the group  inter- 
view session, where  the operators recommended omitting the triple setting 
on the antenna select switch since there is only one antenna for the 
system.    The two extra settings only serve to confuse the operator. 

Signal   interface distribution unit panel.    This panel  is  located 
directly below the antenna controXunit and consists mainly of indicator 
lights to signal a failed power supply, fuses, and several connectors 
for the operator's comrounicat ions system.    Three of the operators 
complained that it was a nuisance to have to unscrew the RF (radio 
frequency)  cable of the site microphone from one connector and screw it 
into another when one wants to use the TACJAM antenna to communicate 
over his radio net  rather than jam.    They felt that  it would be much 
more efficient to have a toggle switch in this position.    However, it should 
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be noted that these particular connectors might have been designed as 
such for security reasons and, if so, should remain unchanged. 

Audio recorder. The audio recorder is located just below the signal 
interface dis'tribution unit and contains standard controls for recording 
verbal information on tape. The operators said that they never really 
used the controls on this unit (except to change tapes) because it can be 
controlled from the TACJAM operator's console. No adverse comments were 
made about it. 

Receiver inpuj unU. The panel on this unit, Iccated 'ust below the 
audio recorder." contains"'lndicators to signal failed power supplies, two 
unit address thumbwheel switches, and a power on/off switch. The operators 
made no adverse ccnnents about this panel. 

Receivers. Four receivers are stacked vertically below the receive» 
input ünTT TKere is a single indicator on the front of each receiver to 
indicate whether or not power is on. This Indicator is red on all fout 
receivers. Although the operators made no conments about the receivers, 
it should be noted that according to Military Standard 147?B, red is to 
bt used to indicate a "no-go" or "failure" condition. A "go-ahead" or 
"ready" condition is to be denoted by the color green. Consequently, in 
order to be consistent, consideration should be given tc changing the 
rolor of the receiver "power on" Indicators from red to green. This 
conwent also applies to the receiver Input unit and the signal interface 
distribution unit, where the "power on" lights are yellow rather than 
ijreen. 

Computer control unit. The computer control unit panel located 
adjacent to the rack of boxes to the left of the operator, contains 
switches and displays which enable the operator to interface with the 
TACJAM computer. The most serious criticism of this panel was made by 
two of the operators and concerned that fact that the toggle switches on 
the panel are easily bent when someone brushes un against them when enterinn 
or leaving the shelter. Although none were broken off during the operjtionai 
test, it would appear that this is a 'Mrtlnct possibilltv and action should 
he taken to prevent it. Attaching t  hinged plexiglass shield to the n.mel 
would preclude such an accident and would appear to be the simplest 
solution to the problem. 

Other comnents about the computer control panel Included the 
indication by the mor.t experienced of the operators that it is sorewhat 
cumbersoflie to operate the toggle switches while wearing gloves. Also, 
there was a comment by one of the other operators that he had not been 
instructed as to the meaning of the Indicator lights above the address 
Msplay and that as an operator he would like to know what function thev 
served. 
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Amplifier control unit panel.    This unit is the top unit in a rack 
which also contains a series of exciter panels.    Generally speaking, it 
Is situated in a  location between the transmitter racks  and the rack which 
contains the antenna control unit.    It consists mainly of indicator 
liqhts, an RF meter, and a few power controls.    The operators had no 
comnents about this unit.    It should be noted, however, that the "power 
ow" light was yellow.    As mentioned earlier, the color qreen Is recom- 
mended for such signals In Military Standard 1472B. 

Exciter panels.    The exciter panels,  located ^ust below the amplifier 
control unit panel, consists of a series of Indicator lights and an RF 
meter.    The operators made no adverse comments about these panels.    However. 
as mentioned above, the "power on"  light Is yellow, rather than green as 
Military Standard 147?B recommends. 

Circuit breaker panel.    The main circuit breaker panel Is located 
adjacent to the amplifier control unit and the exciters.     In addition 
to the circuit breakers.  It has meters to display voltage and frequency. 
The operators rated this panel as adequate. 

WOPKSPACF ANP fOL'IPHFNT LAYOUT 

The operators rated the workspace of the TACJAK system as quite 
adequate, althouqh one operator did complain of a  lack  of elbow room 
when usinq the wrltinq table.    A more serious concern, however, voiced 
by four of the operators concerned a lack of room for storing their 
combat qear.    For a normal  three man crew this would Include three 
duffle bags, rations, five qallons of water, weapons, and anno.    When 
the crew moves the system from one location to another all of this 
gear. Including the step ladder to the shelter, must be stored In the 
shelter with the TACJAM equipment and when a new location Is reached 
it must all be unloaded.    This would result In reduced efficiency In a 
ccwbat situation that required TACJAM to frequently change locations 
because of the extra time and effort Involved In loading and unloading 
the combat gear.    However, the operators did state that there Is enough 
room to operate the system even when the combat qear is stored In the 
shelter, althouqh It Is rather crowded. 

None of the operator's were able to recommend another location in 
which the combat qear could be stored, althouqh one operator did suqgest 
adding a 1/4 ton truck to the TOt for transporting the combat gear. 
However, given the Army's attempt to keep the nur<>er of transport vehicles 
down to a minimum, and given the added logistical burden this would place 
on a unit, this suggestion Is probably not very realistic.    A potential 
solution Is to weld a rack onto the back of the cargo door below the air 
conditioning units.    Such a rack could be built large enough to hold the 
duffle bags and water can which make up the bulk of the combat gear, and 
would not be In the way of any part of the TACJAM system. 
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With respect to the layout of panels. In terms of how well they 
can be seen and how accessible they are, the operators had no adverse 
ccmrcents with the exception of the location of the antenna control unit 
oanel and the heat exchanger wamino lights.    Both of these were n^ntionna 
earlier. 

Determination of  the angles between the various panels of the 
operator's console and the operator's line of sight indicated that the 
console met the military standards listed in Military Handbook 759.    The 
handbook recommends that the top of the uppermost console panel be no 
more than 45° above the operator's horizontal  line of sieht, and the 
bottom of the lowermost console panel, excluding the keyboard, be no more 
than 60° below the horizontal  line of sight.    These angles for the TACJA'' 
system were 47° and 45°, respectively, thus corresponding quite well  to 
the military recommendations.    The operators console also met military 
standards with respect to lateral  field of view.    All  of the panels of 
the console were within 24°,  laterally, of the operators forward HOP of 
sight, which is well within the maximum of 35° listed in Military Standard 
147?B. 

Other dimensions of the operator's console, such as overall height, 
seating height, and amount of leg room, were very close to nilitary 
standards, exceeding them by no more than several  inches in each case. 
In general,  the layout of the system was well planned with respect to 
military standards. 

FNVlRONMtNT 

The operators  rated the operating environment  inside  the shelter 
as adeguate with respect to temperature, ventilation, noise, vibration, 
and illumination, although one operator stated that the noise and vibra- 
tion from the generator did become somewhat annoying after three or four 
hours of continuous operation inside the shelter. 

Sound level measurements inside the shelter with the TACJAM systert 
in operation varied from 77 to 8? db{A), depending upon whether or not 
all three transmitters were transmitting at the time.    These levels are 
w'thin tolerable sound level  limits.    Standards for excessive sound lovels 
are only concerned with levels at 90 db and above (e.g. Ward, )<*(<(■; 
McCormick,  1976). 

The sound level outside of the shelter, however, was higher and of 

rare concern.    While the engine was driving the generator the sound 
'evel reached 98.6 db(A) on the exhaust side of the cargo carrier and 
M db (AJ on the nonexhaust side (with measurements taken  1  foot awäv 
*rfi:  the cargo carrier).   In the driver's position  in  the cab of the caroo 
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tamer tht« sound  level  reached  Ml db (A).    These  levels are quite 
high and are above the  levels at which one beqins to risk permanent 
hearinq threshold shifts after prolonged exposure to such noises.     In 
this regard it should also be noted that four of the operators  rated 
the extreme loudness of the cargo carrier as a safety hazard.    Con- 
sequently,  the operators should be provided with and warned to wear 
some sort of ear protection when they are working near the cargo car- 
rier while the TACJAM system is operating,  in addition to being warned 
to wear ear protection when operating the M548 Cargo Carrier itself. 

With respect to illumination levels, it should be noted that the 
illuminance of the operator's console panels and other panels  inside 
the shelter were no more  than  IS foot candles as measured with a spot- 
meter.    Although this  is much  lower than the minimum standard of  30 
foot candles  listed in MIL-STD 1472B,  the operators  did not feel  that 
the  illumination was   insufficient.    A TAC.1AM operator actually does not 
spend much time operating controls on the various TACJAM panels.    After 
entering the  initial   tasking data, which can usually be done in five or 
ten minutes, he primarily concerns himself with the system displays 
(plasma display,  panoramic   indicator) which have good contrast character- 
istics and are easily observed.    Consequently,  the  low  illumination 
level  in the TACJAM shelter can be considered satisfactory for the tasks 
which TACJAM operators  normally perform. 

SAFETY 

Besides  the extreme  loudness of the cargo carrier mentioned above, 
there was one other safety problem which was mentioned by the operators. 
It was noted that one operator received a burn on the am when he 
accidently rubbed aqamst  the vehicle exhaust pipe while  removing the 
power cable from the nn-board generator.     It would thus  seem reasonable 
to include a warning  in  the operator's manual  and the maintenance manual 
that the exhaust pipe becomes quite hot and that one should keep this in 
mind when workinq with the power cables  in that area. 

OPFRATING PROCLOURES 

The operators wore asked to evaluate the adequacy of  the procedures 
they were taught  for operating the TACJAM system, as well  as  the ade- 
quacy of the Operator's Manu«1  in explaining those procedures. 

Prqce.dures.    The major concern of the operators with respect to 
operating procedures had  to do with maintenance of the system.    The 
operator», reported that they were not authorized to do even the simplest 
types of maintenance tasks,  like replacing fuses.    This seemed to cause 
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the system to be down  for periods of time that were really unnecessary 
while waiting  for an organizational  level maintenance man to arrive and 
replace the fuse.    A pertinent example involves  the antenna control 
unit.    On a windy day  it  is conmon for a  fuse to blow  in  this unit. 
Replacing it should not  take very long, but  it does simply because of 
the time expended while waiting for organizational  maintenance to re- 
place it. 

Training and authorizing TACJAM operators  to  identify and replace 
fusei would increase the efficiency of the system by markedly reducing 
the down time due to blown fuses.    Along this  line,   it  should be noted 
that several operators  felt that they should also be trained to replace 
boxes  in the TACJAM system since in some cases  the system will  indicate 
that a given box has a  fault in it.    Replacing the box primarily  in- 
volves unscrewing  the appropriate screws  to remove  the box from its 
rack,  transferring  cables  from the old box  to the new box,  setting the 
address on the new box,  and screwing the new box  in place.    Training 
operators to perform this  task would appear to require a relatively 
small amount of time and would increase efficiency of the system both 
in terms of reducing system down time and in reducing  the number o* 
maintenance man hours needed to maintain the system. 

There were several  other comnonts made about  operating procedures. 
One of these coimients concerned the problem of obtaining the codes for 
types of modulations acceptable to the jammer.    When  the operator wishes 
to enter the type of modulation he wants  the .jammer to employ he either 
has  to rely on his memory for the type of modulations   that are accept- 
able and the appropriate code for it that  is  recognizable by the system, 
or he has  to have  the codes written down and posted on  the wall  of  the 
shelter as  the operators   in  this  test did.     Two of  the operators suggested 
that the modulation codes be entered into the computer software so that 
an operator can access  them through a "modulation code paqe'!   like he 
accesses a sunnary page or spot page.    This  appears  to be a reasonable wav 
of improving the system. 

Another major conment concerned the communications  system.    The 
operators complained that there is no way to know that someone is attempt- 
ing to contact  them over the VHF-FM radio unless  the operator is specif- 
ically   monitoring that  radio over the handset  (the external speaker for 
the radio is mounted in  the cab of the cargo carrier rather than inside of 
the shelter).    Usually, however,   the operator will be monitoring enemy 
(onmuni cat ions over one of the TACJAM receivers,  or will  be concerned with 
some other aspect of the TACJAM system and will  not be able to monitor the 
VMF-FM radio.     This necessitates having another operator sit in the cab of 
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the cargo carrier and monitor this radio. Having an external speaker 
located inside the shelter so that the operator can monitor VHF-FM 
communications while performing his TACJAM functions would solve this 
problem. 

A final comment made by the operators pertained to the process of 
moving the shelter on the carrier and tieing it down. The shelter must 
be mtwed toward the rear of the cargo carrier in order to perform pre- 
ventive maintenance on the generator. This involves releasing the guy 
wires that hold the shelter in place on the cargo carrier and jacking 
the shelter on its skids toward the rear of the carrier. The opera- 
tors complained that there Is really no place to stand and get firm 
footing when releasing or securing the quy wires that tie the shelter 
down. Furthermore, they said that is difficult to sufficiently tighten 
the nuts on the vertical guy wires. The operators felt that one reason 
for this is that they are not supplied with a large enough wrench for 
torquing the nuts as much as is npeded to tighten them securely. However, 
one operator said that even when a large wrench was obtained and used the 
nuts still worked loose and the guy wires loosened up.  The operators 
reported that this problem did not appear to happen with the diagonal 
guy wires. Consequently, it would appear that this Is a design problem 
that must receive further consideration by the engineers who designed 
the system. 

Operator's Manual (TJ^3?-589S-2^n-^qj[. The operator's manual was 
severely criti;ed by all of the operators, especially In the group 
Interview session.  Their general comments were that it is poorly 
organised, omits somp important information, and contains numerous 
errors. 

With respect to the organization of the manual, the operators 
indicated that they would prefer a manual which would proceed in the 
same order that one actually sets up, operates, and shuts down the 
system. Thus, rather than beginning with a description of all of the 
parts of the TACJAM system, followed by instructions on how to operate 
the system, the operators would prefer a sequence in which the first ste.-j 
In setting up the system Is explained, like setting the ground rod, at 
the same time that the parts of the ground rod are described. This would 
then be followed by a description of, say, the generator control panel 
and now the operator Interacts with it In preparing the system for opera- 
tion, and so on through system operation and system shut down. 

Actually, several of the operators thought that two operator's 
manuals would be useful. One manual should be brief and simple, con- 
taining little detail and mainly concerned with presenting the operat tor 
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with just enough information for setting up, operating, and shutting 
down the system.    This could essentially Se an  initial  training mamial 
and guick  reference manual   for normal  operating procedures.     The other 
manual  should be a more detailed description of  the system, containintj 
all   the infomation  that a  reasonably intelligent operator might want 
to know.    This manual would be a  somewhat expanded version of  the 
current operator's manual  and would include detailed  information on 
preventive maintenance as well  as some information on organisational 
maintenance  (such as   information en changing boxes and replacing fuses). 
Although this  idea should be given consideration,  the redundancy that 
would occur  in having two manuals might make the gain not be worth the 
extra effort   involved  in producino two manuals.     Reorganising  the current 
rtdnual  and expanding  the maintenance section does, however,  appear to be 
worthwhile. 

With respect to inaccuracies,  in the manual,  the operators cited 
several examples which they said were characteristic of problems through- 
out the manual.    These are  listed in Table 1 and are not  intended to be 
exhaustive but  rather are  indicative of the types of errors  that should 
be looked for and corrected throughout the manual. 

In some cases   the operators  felt that,  rather than being  in error, 
the manual was simply not detailed enough.    For example,  thp modulations 
and corresponding deviations which are acceptable to the jammer are 
listed in Table 2-26 on page ?-91 but the operators felt that  there was 
not sufficient discussion or explanation as to which modulations should 
be used under which  circumstances.    The only solid piece of advice  in 
this respect was that FMNB,  7.S KHz  is a good all-purpose selection 
(pq 2-9S).     It was   felt that this  is  not enough   information with which 
to become a good, efficient TAGJAM operator and  that a more detailed 
discussion of the  remaining modulatioü types  is needed. 

TRAINING 

The TACJAM operators received little formal training on the TACJAM 
system. The most experienced operator learned to operate the system 
over a two month period at Ft. Huachuca where his training primarily 
consisted of playing with the system until he learned how to operate 
it. This operator was w.th the system during developmental testing at 
Ft. Huachuca and also served as one of the operators during the operational 
test at Fort Hood.  This operator gave a "very confident" rating to his 
ability to carry out a TACJAM mission. 

The remaining four operators received a week of traininq on the 
system at Fort Hood just before the operational test was begun. This 
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Table   1 

SAMPLES OK  ERRORS  IN OPERATOR'S MANUAL   (TM32-5895-213-0) 

PSL DescriptJon of Error 

1-2 The designation "M4bH Cargo Carrier"  is  incorrect. 
"MMS Carqo Carrier"   is correct. 

2-17 Paragraph 1-7,  referenced under the  intensity control 
section, does not exist. 

2-18 The ?0 MHz position   is not mentioned here. 

2-22 The ERASE ENBL key  referenced  in the ERASE  SCRN 
section does not exist on  the TACJAM keyboard. 

J-64 Figure 2-26,  referenced under section d, does not 
show the pneumatic  pressure gauge. 

t-69 The address   indicators referenced  in section b 
primarily display numbers   in the 40,000's  rather  than 
the 30,000's.    Also,  when  the location set   in the 
data switches   is 300,  the data  indicators display 
002301  rather than 002401.    (This also applies to 
page 2-/2). 

2-70 The summary page depicted here  is from the   initial 
TACJAM system that  had three antennas.     The 
sunmary page on the current TACJAM only shows 
information pertinent   to one antenna. 

2-78 Figure 2-26,  referenced in section (1), does not 
show the heat exchanger toggle switch because 
the cargo door  is closed  in the figure. 

2-85 The above conment about the sunmary page also 
pertains to the photo of the spot page. 

2-98 In section b the unit of measurement which 
describes an acceptable relationship between 
the antenna and a spot azimuth  is not  listed. 
It should be 30 degrees. 
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training was a mixture of classroom lecture and hands on training, 
both of which were given and supervised by  the operator mentioned above 
and by  the individual who performed organizational and  intermediate 
level maintenance on the system. 

In response to the question of how confident they felt  in their 
ability to carry out a TACJAM mission right after receiving this week 
of training,   three of the operators gave ratings of  "Borderline" and 
one operator gave a  rating of "Confident".     However, after seven weeks 
of operating the system in the operational   test  three of the operators 
said they were "Very Confident" of their ability to carry out a TACJAM 
mission and the other operator said he was  "Confident"  that he could 
do so also.    Even though the operators did not feel  fully confident   in 
their ability  to operate  the TACJAM system after their one week training 
session,  they had few specific complaints about   the training.    The only 
major complaint came out  in the group   interview and concerned  the conmunj- 
«.ations system.    The operators felt that they did not have a good under- 
standing of how the VHF-FM communications system worked  in  terms of,  for 
example,  the relationship between the VHF communications  system in  the cab 
of the cargo carrier and  the VHF  conmunicat ions  system  in the TACJAM shelter. 
They emphasized that any training program that  is developed for training 
TACJAM operators should definitely include  the VHF-FM cormunications 
system on TACJAM. 

WUh respect  to recootnendations  for someone who  is developing a 
training course for TACJAM operators,  a number of suggestions were offered 
in addition to the comment about VHF-FM tonnunications.    First it was 
suggested that all  of the boxes   in the system be explained to the operator, 
not just  the ones with which he  is going to be dealing.    For example, 
generally explaining the functions of the exciters, the signal   interface 
distribution unit,   the automatic mode switching unit, and other boxes 
with which the operator has little or no interaction would give the operators 
more confidence in their ability  to utilise  the system effecti.?ly.     One 
should note that the soldiers who were selected  to operate the TACJAM system 
were relatively intelligent individuals who were curious about the system 
as a whole, were motivated to understand it, and found it very frustrating 
when they could not find a satisfactory explanation of some part of the 
TACJAM system  in the operator's manual  or were told by more knowledgeable 
persons not to worry about it since it did not directly affect their job 
as operators.    Most  individuals who are relatively intelligent,  like the 
TACJAM operators in this test and like the TACJAM operators of the future 
most likely will be, ar*- curious about things with which they interact and 
keeping  information fr^n them or not making  it readily available to  them 

21 

-   - -- *——^ B^BBamafeMMi Mt ■ • fl^BMHMH 



ma^MM ■ " ' 
«i»»-^^^^""» mm *mm 

1 

serves only to decrease their motivaliun to do a qoud job dnd, in this 
case, prevents the Army from getting the best performance from a system 
with tremendous potential for disrupting enemy communications. Th« 
extra effort that would be involved in providing operators with a twsic 
understanding of the whole system from an instructor who thoroughly 
understands the system would, in the long run, seem to pay dividends far 
in excess of the costs. 

Related to this issue is the operator's comments that they would 
like to be trained and authorized to change boxes and fuses,  it seems 
highly inefficient not to capitalize on the superior general technical 
abilities of individuals in military intelligence and train the« to 
perform basic organizational maintenance tasks like replacing blown 
fuses and black boxes. This issue was mentioned earlier. 

Another related issue concerns the nature of the training which 
operators receive.  It was felt that after an initial period of formal 
instruction the operator should be given time to just operate the system 
by himself without anyone else around to interfere with his actions.  This 
way he could experiment with the system and become more familiar with it 
by trying out functions and operations about which he was not confident, 
and feel free to practice those operations with which he felt he needed 
more experience. 

Finally, the operators mentioned that a formal training program 
should include detailed instructions on how to perform preventive 
maintenance on the generator and engine of the M54ö car^o carrier, (such 
as what types of lubricants go where), and should also include refresher 
training on map reading because the TACJAM system is expected to move 
about on the battlefield on its own. 

ORGANIZATIONAL MAINTENANCE 

Training received. Both of the maintenance men received organizational 
maintenance"TrainTng'on the TACJAM system by the contractor that developed 
the system. This training lasted about one week and was given about one 
month before the system arrived for operational testing at Ft. Hood.  In 
the case of one maintenance man the training was received after spending 
around five months learning about the system on the job while the system 
was undergoing developmental testing at Ft. Huachuca and White Sands 
Missile Range. For the other maintenance man the training was received 
right after completing training for the 33S MOS at Ft. Devens.  Thus, 
one maintenance man had extensive experience acquired by actually 
maintaining the TACJAM system during both developmental and operational 
testing, while the other maintenance man's experience was primarily 

22 

111*1 



" ' ' ■"■ '■— 

limited to the contracto'-'s course and some experience with maintaining 
the system during the two months of operational testing at Ft. Hood. 

Test equipment. The maintenance man with the lesser amount of 
experience said that he did not have the opportunity to use any of the 
TACJAM test equipment and thus could not evaluate it. The more experienced 
maintenance man rated the built-in test equipment as "Extremely useful", 
the test maintenance and diagnostic equipment was "Somewhat useful", and 
the automated test equipment as "Not at all useful". His major complaint 
against the automated test equipment was that as it is currently configured 
It can only diagnose problems down to bad cards in a box, which a good 
maintenance man can do by himself, anyway, without the automated test 
equipment. Thus, the equipment really Isn't necessary. 

Repair. Both maintenance men gave the TACJAM system "adequate" 
ratings with respect to accessibility of test points and ease of 
replacing subcomponents and major components. 

Tools. The TK-105 tool kit was Issued to the maintenance men for 
maintaining the TACJAM system. In addition, the contractor Issued one 
of the maintenance men a special set of alien wrenches with straight 
enlarged handles (so one could get more leverage than he could with the 
standard bent handle alien wrench) and a special set of offset screw 
drivers. It was felt that these tools were needed to adequately trouble 
shoot the system. 

Special Skills. Neither maintenance man felt that any special 
skills, other than those a 33S MOS would normally have, are necessary 
for performing organizational maintenance on the system. The lesser 
experienced maintenance man, however, felt that being given time to 
merely play with the system in order to become familiar with it at 
one's own pace would be helpful. 

Maintenance procedures. Both of the maintenance personnel felt 
that niost of the organizational level maintenance could be performed by 
the operators. Maintenance at this level mostly Involves replacing 
blown fuses and exchanging boxes. In some cases the built-in test 
equipment tells one when there Is a fault In a given box and in such 
cases it would be relatively simple for an operator to exchange a box 
and leave the maintenance men free to concern themselves with more 
complex problems. The two maintenance men actually felt that a 33S 
would be very underutilized In performing the current organizational 
level maintenance on TACJAM. 
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Repair parts.    The only problems that were encountered in obtaining 
repair parts Involved replacing the function button panel and the 
antenna control panel.    An earlier version of TACJAM had to be cannibalized 
in order to obtain replacements for these panels.    This is not indicting 
of the supply system, however, since only one copy of the revised system has 
been built to date.    Thus, the adequacy of the supply system to support 
the TACJAM system cannot be adequately evaluated at this time because 
of the system's uniqueness and current lou density. 

Technical BBS*]*«    Both of the maintenance personnel ««ere rather 
critical of the TACJAM maintenance manual  (TM 32-589S-213-24).    Their 
dissatisfaction centered on both accuracy and completeness.    They 
reported that they had observed numerous errors in the manual, such as 
the pressure inside the emergency air supply bottle being listed as 4 
pounds in the manual, but as 2 1/2 pounds on the bottle itself.    In 
addition many things ««ere not listed that should be listed, such as 
addresses for the boxes, J numbers, and cable labels in the block diagrams. 

Finally,  it ««as pointed out that it appeared as if the manual had 
been ««ritten for the original version of the TACJAM system and had been 
inadequately revised for the current version of the system. 

CONCLUSIONS AND RECOMMENDATIONS 

Generaly speaking, the TACJAM system is ««ell  designed from a human 
factors engineering point of vie««.    Ho««ever, there are a number of ««ays 
in which the system can be improved.    These are listed in the follcwing 
remarks and it is recommended that adoption of these suggestions be given 
serious consideration. 

SYSTEM SET-UP EQUIPMENT 

Ground-rod driver assembly. 

1. Designing the ground-rod driver assembly so that it can be 
moved horizontally across the front of the vehicle to avoid objects that 
may be hidden beneath the point at which the ground rod needs to be 
«nplaced would reduce system set up times in some situations and thus 
increase the efficiency of the system. 

2. A winch that can be used to remove ground rods shoula be 
added to the system. 
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Generator Control Panel. 

A foothold and handhold should be installed on the side of 
the cargo carrier below the generator control panel so that operators 
have more ready access to it. 

Deploy Switch and Control for Oata Link Antenna. 

This switch should be located about six inches higher so that 
it  is more accessible when the shelter door is closed. 

SYSTEM OPERATION EQUIPMENT 

Function Button Panel. 

1. The interswitch distance should be increased,  if possible,  tu 
prevent  the operator from accidently hitting two switches at the same 
time. 

2. The arrangement of the switches should be changed to an 
arrangement  that  is more functional. 

3. A supply of lamps which light the switches should be provided 
to the operator so that he can replace burned out lamps when necessary. 

4. The pressure resistance should be the same for all of the 
switches  so that the TACJAM operator can maintain a steady rhythm of 
work and not have to return to a switch that he has already visited. 

Receiver Control  Panel. 

Nonfunctional  controls and meters should be removed if possible. 

Keyboard. 

1.  The keyboard should be examined to determine whether operators 
reports of key malfunctioning are unique to the keyboard that was tested 
or indicate a problem with the design of the keyboard and associated 
electronics. 

?..     Nonfunctional keys should be either removed or covered. 

Communications Call Light. 

Provision should be made for a Communications Call Light to come on 
when .i nonsecure signal is coming in over the VHF-FM conmunications net. 
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Panoramic Display. 

The small  metal   lip which protrudes  from the bottom of the CRT 
display should be removed, or the panoramic display should be tilted to a 
greater angle, so that the operator can see the whole display while he 
is operating the TACJAM operator's console. 

SYSTEM CHECKOUT EQUIPMENT 

Auxiliary Equipment Control Panels. 

1. The remote controls for the heat exchanger and the air conditioners, 
should be  located  in a  place lower down on the side of the shelter so 
that they are closer to the operator's primary field of view. 

2. The red lights on these panels should be designed to flash at 
a rate of three to five times a second under appropriate conditions. 

frlflim Control  Unit Panel. 

1. The unit should be located in a   lower position in the rack  if 
possible  (such as where the signal   interface distribution unit  is located), 
so that the operator can read the indicators while remaining seated at 
the operator's console. 

2. The three position setting for the antenna  select switch 
should be changed to a one position setting or eliminated completely to 
avoid confusing the operator. 

Signal   Interface Distribution Unit Panel. 

The   "power on"  indicator light should be green rather than yellow. 

Receiver  Input Unit. 

The   "power on"   indicator light should be green rather than yellow. 

Receivers. 

The   "power on"   indicator light should be green rather than red. 

Computer Control  Unit Panel. 

The toggle switches should be protected from accidental bending and 
breaking by  individuals entering and leaving the shelter.    Providing a 
plexiglass cover is a possible solution. 
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AmpHfier Control  Unit Panel. 

Tfie "power on" Indicator light should be green rather than yellow. 

Exciter Panels. 

The "power on" Indicator lights should be green rather than yellow. 

WORKSPACE AND EQUIPMENT LAYOUT 

Consideration should be given to designing a  place for storing 
the TACJAM operators'  combat gear other than  in the shelter with the 
TACJAM console.    One possibility is to attach a rack to the cargo carrier 
rear door. 

ENVIRONMENT AND SAFETY 

1. Because of high noise levels, the operators' manual should 
provide a warning to the operators to wear ear protection when working 
around the cargo carrier while it is driving the generator. 

2. A warning should be listed in the Operator's Manual and posted 
near the exhaust pipe that care should be tatcen not to toücF the 
exhaust pipe when the engine has been running because of the high 
temperature of the pipe. 

OPERATING PROCEDURES 

1. The Operator's Manual (TM 32-5895-213-10) needs to be revised 
to correct numerous errors, expanded to Include a better explanation 
of some functions  (such as modulations), and reorganized so that It 
is easier for an operator to follow In a step-by-step manner. 

2. It would be helpful to Include a listing of the modulation codes 
in the computer software so that they can be called up when an operator 
wished to review the types of modulations available for his use. 

3. The system needs to be modified so that an operator who Is 
working at the operator's console can be made aware of an incoming 
signal over the VHF-FM communications system.    Either a communications 
call  light or an external  speaker would solve this problem. 

4. The problem of the vertical guy wires which hold the shelter 
down working loose should be Investigated further to determine whether 
the operators did not have a large enough wrench for torqulng the nuts 
on the wires or whether a different way of securing the shelter needs 
to be developed. 

27 

,-      .,. ...-.    _..^    .^-.■..-^..-^  ;--        : 

M|Haa^^Ba|MBnaarifa M^AAL 



n 
 —•'  n 

TRAINING 

1. The training program that will be developed for TACJAM operators 
should include an explanation of all of the panels and pieces of equipment 
that make up the TACJAM system.   Most operators will   likely be intelligent 
soldiers who will  be motivated to understand the whole system and will 
possibly become frustrated and unmotlvated if they «re not given at 
least a general  explanation of each part of the system.    Such an explana- 
tion would also give the operators more confidence in their ability to 
effectively operate the system. 

2. Operators should be taught to replace fuses.    Requiring 
organizational  maintenance personnel  to perform this  function is in- 
efficient.    Maintenance personnel would be more efficiently used if 
they were required to become Involved only when  the replacement fuse 
also blows shortly after it has been put in place. 

3. Consideration should be given to training operators to replace 
boxes when the built-in test equipment indicates which box is bad. 
This was suggested by both operators and maintenance personnel. 

4. A training program should include some  time for an operator 
to work with the system by himself so that he can answer some of his 
questions about  it by trying out different procedures on his own and 
can practice those operations on which he feels he needs more 
experience. 

5. A training program should include detailed instructions 
concerning preventive maintenance on the generator and engine of the 
M548 Cargo Carrier. 

ORGANIZATIONAL MAINTENANCE 

1. The extra tools (special alien wrenches and offset screwdrivers) 
issued to the maintenance personnel by the system contractor should be 
issued to future TACJAM maintenance personnel. 

2. The maintenance manuals (TM 32-5895-213-24) needs   to be revised 
to correct inaccuracies and to Insure more complete coverage of mainten- 
ance tasks.    Including addresses for boxes and listing J numbers and cable 
labels would make the manual much more useful. 
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APPENDIX A 

TACJAM HUMAN  FACTORS  QUESTIONNAIRE-INTERVIEW  FOR OPERATORS 

April   1978 
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Date: 

The purpose of Che following questionnaire is to obtain your opinion 

about the adequacy of the TACJAM «vsten froa an operator's point of 

view.  This will be accoaplished by soliciting your answers to a number 

of questions and by giving you the opportunity to make  any additional 

coMsents you wish.  Take as Mich tine as you feel is necessary to 

adequately answer the questions.  The interviewer will answer any 

questions you aay have and will write down any coaaents you would like 

to suike about the equipment. 
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Individual  Conponents 

A.     Using the  scale to  the  right 
Indicate with a  check merk 
(- )  how adequate  the TACJAM 
Control Panel   Is   in each of 
the fulluuing areas: 

1.     CONTROLS 

a. Slz«   (without   gloves) 

b. Size  (with gloves) 

c. Shape   (without   gloves) 

d. Shape   (with gloves) 

e. Spacing  between 
controls   (without   gloves) 

f. Spacing  between 
controls   (with gloves) 

g. Resistance   (too easy  to 
turn or  push,   or   too 
hard  to   turn or  push) 

h. Correct   labels 

1. Understandable  labels 

J. Size of   labels 

k. Location of  labels 

1.    Absence of unrelated 
or confusing markings 

A-03 

I 2 
3 I 

(5)       (4) 

I 
(3) 
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m.     Visibility of  controls 

n.     Angle of  view 

u.     Location of   critical 
control* 

p.     Redch distance  of 
critical  control« 

q.     Location of  noncritical 
controls 

r.     Reach distance of 
noncritlcal  control» 

m.     Functional   grouping 
(controls with  related 
functions are  grouped 
together) 

t.     Control   type   (type of 
control  it appropriate 
for  type of   function) 

u.     Other   (specify)  

mm *** 

I I I 
2 
3 

(5)      (*)       O)       (2) 

i 
(i) 
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2.     Please explain any  Borderline,   Inadequate,  or Very   Inadequate 
anawera: 

A-OS 
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B.     Using  Che  scale to  the right 
Indicate with a check mark 
(/)   how adequate the Function 
Button Panel   Is  In each of 
the  following areas: 

1.     CONTROLS 

a. Size (without gloves) 

b. Sl/e (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

e. Spacing b. tween 
controls (without gloveo) 

f. Spacing between 
controls (with gloves) 

g. Resistance Uoo easy to 
turn or push, or too 
hard to turn or push) 

h. Correct labels 

1. Understandable labels 

J. Site of labels 

k. Location of label« 

1.  Absence of unrelated 
or confusing Markings 

3 

u 

> 

3 
Z 
3 

« 
U 

3 
i 
1 

■o 
2 
:* u 
v 
> 

(5)   (4)   (3)   (2)   (1) 
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VUihllity ot   controls 

Angle of view 

Location of  critical 
controls 

Reach distance of 
critical controls 

Location of noncrltical 
controls 

Reach distance of 
noncritical  controls 

Functional grouping 
(controls with related 
function* are grouped 
together) 

Control type  (type of 
control  is appropriate 
for type of  function) 

u.     Other   (specify) 

< 

•a 
v 
V 

T3 

c 

i I 
-a 
s 

v 

(5)       (4)       (3)        (2)        (1) 
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2.     Pleas« explain any Bord«cLln«,   In«d»quAC«.  or V«ry  Inadäquat« 
answers: 

t 
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C«  Using the scalt to the right 
Indicate with « check mark 
(/) how adequate the receiver 
control panel is in each of 
the following areas: 

1.  BANDWIDTH and FREQUENCY DISPLAYS 

a. Display brightneas 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

e. Angle of view 

f. Correct labels 

g. Other   (specify)  

« 

v 

ST 
V > 

41 

s I 
"O < 

I 
c 

u 

« 
4J 

3 I 
s 

(5)        (4)       (3)        (2) 

3 f 
«I 
c 

(1) 

2.     CONTROLS 

a. Size (without gloves) 

b. Size (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

e. Spacing between 
controls (without gloves) 

f. Spacing between 
controls (with gloves) 

A-nq 
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f 

3 
s- 
1 
t 
> 

(5) (4) (3) (2) (1) 

Resistance (too easy to 
turn or push, or too 
hard to turn or push)   ___ - . ^■^A   

h. Correct labels 

1. Understandable labels 

J. Slxe of labels 

k. Location of labels 

1.  Absence of unrelated 
or confusing Barkings 

a. Visibility of controls 

n.  Angle of view 

o.  Location of critical 
controls 

p.  Reach distance of 
critical controls 

q.  Location of noncritical 
controls 

r.  Reach distance of 
noncritical controls 

s.  Functional grouping 
(controls with related 
functions are groupad 
together) 

A-10 
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t. Control typt (typ* of 
control is appropriat« 
for typ« of function) 

u. Other (apecify)  

3. Plaaa« explain any Bordarllna, Inadäquate, or Very Inedequate 
answers: 

A-ll 



D. Using Che seal« Co the right 
Indicate wich a check nark 
(/) how adequate Che kayboard 
ia in each of cha following 
areas: 

1.  CONTROLS 

a. Size (without glovas) 

b. Size (wich gloves) 

c. Shape (wichouC gloves) 

d. Shape (wich gloves) 

c.  Spacing between 
controls (wichouC gloves) 

f. Spacing between 
controls (wich gloves) 

g. Resistance (too easy Co 
turn or push, or Coo 
hard Co Curn or puah) 

h. CorrecC labels 

i. Underscandable labels 

J. Site of labels 

k. Location of labels 

1.  Absence of unrelated 
or confuaing Markings 

! 
t       Z 

(5)  (4) 

| 
u 
k 

(3) 

I 
u 
> 

(2)  (1) 
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m.    Visibility of control« 

n.    Anglo of view 

o. 

P« 

Location of critical 
controls 

Reach distance of 
critical controls 

Location of noncritlcal 
controls 

Reach distance of 
noncritlcal controls 

Functional grouping 
(controls with related 
functions are grouped 
together) 

Control type (type of 
control is appropriate 
for type of function) 

Other (specify)  

3 
Z 

u 
« 
> 

3 

I 
(5)   (A) 

4» 
•o 
u 

& 

(3) 

3 
f 
•O 
a 

w 

« 
> 

(2)   (1) 

A-13 



•'   ■"-"l- ■■ ■ 

2.    Plei.e «xpUln «ny ■ord.rlln«.  I»m6mq**fj **' V.ry Tii.d«qu«te 
answer«: 

A-U 
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E. Using the scale Co the right 
Indicate with a check nark 
(/) how adequate the pla—a 
display Indicator Panel la 
In each of the following 
areas: 

I.  PLASMA DISPLAY 

a. Display brightness 

b. Absence of glare 

c. Absence of flicker 

d. Letter discrimination 

e. Viewing distance 

f. Angle of view 

g. Other (specify)  

2.  INDICATOR PANEL DISPLAY 

s. Display brightness 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

e. Angle of view 

f. Correct labels 

g. Other (specify)  

>» 
u 
« 
> 

« 
< 

(5)   (4) 

w 
e 

%4 

« 
•o ■ 

(3) 

3 
O" 
•O 
2 

l 
S 

> 

(2)  (1) 
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3.  INDICATOR PANEL CONTROLS 

a. Site (without gloves) 

b. Slse (with gloves) 

c. Shape (without gloves) 

Shape (with gloves) d. 

e. Spacing between 
controls (without gloves) 

Spacing between 
controls (with gloves) 

Resistance (too easy to 
turn or push, or too 
hard to turn or push) 

h. Correct labels 

i. Understandable labela 

J. Size of labels 

k. location of labels 

1. Absence of unrelated 
or confusing «arklngs 

r I 
.    ! 

I 
i s 
1 

i 
Z 
a 
rr 
« > 

(5)  (4)  (3)  (2)  (1) 
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a.    Visibility of control« 

n.  Angle of view 

o.    Location of  critical 
controls 

p.     Reach distance of 
critical  controls 

q.     Location of  noncritical 
controls 

r.    Reach distance of 
noncritical controls 

s.     Functional  grouping 
(controls with related 
functions are grouped 
together) 

t.    Control type  (type of 
control   is appropriate 
for  type of  function) 

u.    Other  (specify)  

ill 3 
cr 

2 

3 I 
C 

> 

(5)       (4)       (3)       (2)       (1) 
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answers: 
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F.     Using the scale to the right 
Indicate with a check mark 
(/)   how adequate the 
panoramic   indicator   is  in 
each of   KM  following areas: 

I.     DISPLAY 

a. Display  brightness 

b. AbHeiue  of   ^*r* 

c. Absence of flicker 

d. Information content 

e. Information precision 

f. Method of presenting 
information 

g. Viewing distance 

h.  Angle of view 

I.  Other (specity)  

2.  CONTROLS 

a. Size (without gloves) 

b. Size (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

e. Spacing between 
controls (without gloves) 

I , 
(5)   (A) 

v 
TJ 
1- 

(3) 

3 
<r 

C 

3 

:• 

(2)   (1) 
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f. Spacing between 
controls (with gloves) 

g. Resistance (too easy to 
turn or push, or too 
hard to turn or push) 

h. Correct labels 

i. Understandable labels 

J. Size of labels 

k. Location of labels 

1.  Absence of unrelated 
or confusing markings 

■.  Visibility of controls 

n.  Angle of view 

o.  Location of critical 
controls 

p.  Reach distance of 
critical controls 

q.  Location of noncritical 
controls 

r.  Reach distance of 
noncritical controls 

3 
Z 
I 

> 

(3)  (4)  (3)  (2)  (1) 
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1 
1 
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■ 
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■o 

s 
t-1 

«r 
4) 
•o 
A) 
1 
»—4 

i 
> 

(5) (4) (3) (2) (1) 

Kunctional grcuping 
(contrüls with related 
tunctlons are grouped 
together)   i^^Ba _^^^^ . g 

Control type (type of 
control Is appropriate 
for type of function) 

u.  Other (apeclfy) 

3.  Pleave explain any Borderline, Inadequate, or Very Inadequate 
answer«: 
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C. U«ing the scale to the right 
Indicate with a check «ark 
(/) how adequate the Auaillary 
Equipewnt Control Panel» are 
in each of the following areas: 

1.  COHTROLS 

a. Site (without gloves) 

b. Site (with gloves) 

c. Shape (without gloves) 

d. Shape (with glovss) 

e. Spscing between 
controls (without gloves) 

f. Spacing between 
controls (with gloves) 

g. Resistance (too assy to 
turn or push, or too 
hard to turn or push) 

h. Correct labels 

1. Understandable label« 

j. Site of Isbels 

k. Location of labels 

1.  Absence of unrelated 
or confusing aarkinga 

I 
5 

(5)   (4) 

s 
« 

3 
Z 
m 
c 

| 

« 
> 

(3)  (2)  (I) 

A-22 
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9 
er 
«I 

< 

41 
c 

« •o u 
4* 

ft c 

I 
V 

I« 
c 

> 

(5)        (4)       (3)       (2)        (1) 

m.     Visibility of controls 

n.     Angle  of view 

o.     Location of  critical 
controls 

p.     Reach distance of 
critical controls 

q.     Location of noncrltical 
controls 

r.     Reach distance of 
noncritical controls 

s.     Functional grouping 
(controls with related 
functions are grouped 
together) 

t.    Control type  (type of 
control  is appropriate 
for  type of  function) 

u.     Other   (specify)  

_„,,. Mftnona 
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2.    Please explain any Borderline,   Inadäquate,  or Very Inadequate 
answers: 

A>Z4 
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Using Che  scale to the right 
Indicate with a check mark 
(/)  how adequate the Antenna 
Deploy Junction Box Is In 
each of  the following areas: 

1.     CONTROLS 

a. Site   (without gloves) 

b. Sice   (with gloves) 

c. Shape   (without gloves) 

d. Shape   (with gloves) 

e. Spacing between 
controls  (without gloves) 

f. Spacing between 
controls  (with gloves) 

g. Resistance  (too easy to 
turn or push, or too 
hard  to  turn or push) 

h. Correct   labels 

1. Un lerstsndable labels 

J. Slxe of   labels 

k. Location of labels 

1.    Absence of unrelated 
or confusing Barkings 

(5) 

g ■ ■ TJ 
• M 3 1 1 fH C 
« M w t-t 
3 «1 I 
Q- •T) ■o >N I ■ I B 
5 & c 

> 

(*) (3) (2) (1) 

■-    A in       i        nm^—a— 
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a.    Viaibllity of controls 

ii.     Angle of  view 

o.     Location of  critical 
controla 

p.     Reach distance of 
critical control« 

q.     Location of  noncritlcal 
controls 

r.     Reach distance of 
noncritlcal  controls 

s.     Functional  grouping 
(controla with related 
functions are grouped 
together) 

t.    Control  type   (type of 
control is apprcpriate 
for type of  function) 

u.    Other  (specify)  

A>26 

!i •H 
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2 

9 I 
1 

I 
| « > 

(5)       (4)       (3)      (2)       (1) 
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2.    PIMM «xpUln any lordMllnt,  In«dtqu«t*, or Very  Inadequate 
answers: 

A.27 
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I.    UBlng th« seal« to th« right 
Indicate with a  check mark 
(/)  how adequat«  th«  Flltarad 
400 Ha POWT Diatrlbutor Cir- 
cuit Braakr Panal la In aach 
of tha  following areaa: 

I.   comoLs 

a. Sis* (without glovaa) 

b. Siza (with glovaa) 

c. Shapa (without glovaa) 

d. Shapa (with glovaa) 

a. Spacing batwaan 
controla (without glovaa) 

f. Spacing batwaan 
controla (with glovaa) 

g. Raaiatance (too aaay to 
turn or puah, or too 
hard to turn or puah) 

h. Corract labels 

1. Underatandable labels 

j. Sise of labels 

k. Location of labels 

1. Abaance of unrelated 
or confualng narkings 

}   2   *   i 
I | 

a 
> 

3 

I 4 
2 

I 
S 

(5)  (4)  (3)  (2)  (1) 
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c 

3 
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« 
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(5)       (4)       (3)       (2)       (1) 

a.    Visibility of controls 

n.    Angle of view 

o. Location of critical 
controls 

p. Reach distanca of 
critical controls 

q. Lotst ion of noncritical 
controls 

r. Reach distance of 
noncritical controla 

s. Functional grouping 
(controls with relatad 
functions ara groupad 
together) 

t.    Control type   (typa of 
control is appropriata 
for typa of  function) 

u.    Other  (specify)  

A.?9 

r ■ m       ■itlitll-l   r   i > i__-..^.^.--»^...., 
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2.    PI«««« ««pl«ln «ny lorderllne. In«d«qu«t«, or V«ry li«a«qu«t« 

A-30 
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J.    Using th« seal« to th« right 
Indlcat« with a check mark 
(/) how adoquat« th« TACJAM 
Tranaalt tar Panal Is in each 
of tha following areas: 

1.    DISPUYS 

a. Display hrlghtnsss 

b. Abaance of glara 

c. Abaance of flickor 

d. Viewing distance 

e. Angle of view 

f. Corrtct   labels 

g. Other (specify)  

CONTROLS 

Site (without glovee) 

Site (with glovee) 

Shape  (without glovee) 

Shape  (with glovee) 

Spacing between 
controls   (without  gloves) 

Spacing bstween 
controls  (with glevee) 

I I 9 

1 

z 
1 
« 
> 

(5)      (4)       (3)       (2)       (1) 

AOl 
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• • Raalntanc* (too ««ay to 
turn or push,  or  too 
hard to turn or  puah) 

h. Corract  labels 

• • Underttandablc   labels 

J • Sit* of  labels 

h« Location of   labels 

1   • Ab seme of  unrelated 
or confuslnt aarkiocs 

m.    Visibility of controls 

n.     Ancle of view 

o.  Location of critical 
controls 

p.  R ach distance of 
critical controls 

q.  Location of noncritical 
controls 

r. Reach distance of 
noncritical controls 

a.  Functional grouping 
(controls with related 
functions ars groupnd 
together) 

I e 

3 

I  I 
9 

f 
(5)  (4)  (3)   (2) 

A-» 
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i 
5 

c 

<2 

O1 

« 

« 
C 

C 

(5)  (A)   (3)   (2)   (1) 

t.  Control type (type of 
control is appropriate 
for type of function) 

u.  Other (specify)  

3.     Please explain any   Borderline,   Inadequate,  or Very   Inadequate 
answers: 

A-33 
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K.  Using the seal* to the right 
indlcat« wich a check mark 
(/) how adäquate the Power 
Interlock Panel 1» In the 
following areas: 

I.  METERS 

a. Display brightness 

b. Absence of glare 

c. Absence of  flicker 

d. Viewing distance 

e. Angle  of   view 

Correct   labels 

Other   (specify)  

COWTROLS 

s.     Site   (without  gloves) 

b. Site   (with gloves) 

c. Shape   (without  gloves) 

d. Shape   (with  gloves) 

e. Spacing between 
controls   (without gloves) 

f. Spacing between 
controls   (with gloves) 

I & 

3 
•o 
s 

2 
3 
« 

■o 
s 

> 

(4)       (3)       (2)       (1) 

I 
A-34 
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g.     Realstanc«  (too «asy  to 
turn  or  puah, or  too 
hard  to turn or push) 

h. Correct   labels 

i. Understandable  labels 

J. Site of   labels 

k. Location of  labels 

1.     Absence of unrelated 
or  confusing markings 

m.     Visibility of  controls 

n.     Angle  of  view 

o.     Location of critical 
controls 

p.     Reach distance of 
critical  controls 

q.     Location of noncritical 
controls 

r.     Reach distance of 
noncritical controls 

•.     Functional grouping 
(controls with related 
functions are grouped 
together) 

i I 
< 

cr 
T3 
< 

4/ 
C 

V 
-o 

1 
« 

c 

I 
<u 

■o 
<• 
c 

(5)        (A)       (3)       (2)        (1) 
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C.  Control typ« (typ« of 
control la «pproprist« 
for typ« of function) 

u.     Other   (npoclfy)  

I 3 

a 

« 

> 

(5)       (4)        (3)       (2)       (I) 

3.     PI«««« explain any Bordarlln«.   Inadäquat«,   or Vary  Inadäquat« 
anawom: 

A-36 
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U«lng the  scale to the right 
Indicate with a check mmrk 
(• )   how adequate the Antenna 
Control I'nlt   la  In each of 
the  following area*: 

.     AZIMUTH  DISPLAY 

a. Display brightness 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

e. Angle of view 

f. Correct labels 

g. Other (specify)  

2.  CONTROLS 

a. Site (without gloves) 

b. Site (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

e. Spacing between 
controls (without gloves) 

f. Spacing between 
controls (with gloves) 

O" 

< 

S 

V 
3 
cr 
ii 
■a I 

(5-;        (4)       (3)       (2) 

i I c 

> 

(1) 

A.37 
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g.  Resist ami- (too caay to 
turn or push, or too 
hard to turn or puah) 

h. Correct labels 

1. Iinderstandable labels 

J. Sise of labels 

k. Location of labels 

1.  Absence of unrelated 
or confusing Markings 

m.  Visibility of controls 

n.     Angle of view 

o.  Location of critical 
controls 

p.  Reach distance of 
critical controls 

q.  Location of noncrltlcal 
controls 

r.  Reach distance of 
noncrltlcal controls 

s.  Functional grouping 
(controls with related 
functions are grouped 
together) 

v 
«< 
< 
>- 

(5) 

9 
tr 
c 

(«) 

c 
c 

•O 

(3) 

c 

I 
■o 
« 
c 

(2)   (1) 
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t. Control typ« (typ« of 
control la appropriate 
for typ« of function) 

u.  Oth«r (ap«clfy)  

o* 
« * 

TJ w 
< 3 
1 
> 

1 
5 

(5) (4) 

s 
u 
V 
u 
& 

« 

i 
X 
1 

I 
c 

I 
> 

(3)  (2)  (1) 

3.  Pl««a« explain any Borderline, Inadei^vMt«, or Very Inadequate 
anawara 

A-39 
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N.    Using the  scale to the right 
Indicate with a check aark 
(•)  how adequate the  Signal 
Interface Distribution Unit 
Is In each of the following 
areas: 

1.    DISPLAYS 

a. Display brightness 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

e. Angle of view 

f. Correct labels 

g. Other (specify)  

CONTROLS 

a. Site (without glovss) 

b. Site (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

t.  Spacing between 
controls (without gloves) 

f. Spacing between 
controls (with gloves) 

I 3 
Z 
1 

s 
e 
•o 

3 
« 

e 

2 
3 
«r 
e 

■o 
2 

t 
p 

(5)   (4)   (3)   (2)  (I) 
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L u-- 

h. 

i. 

J- 

k. 

i. 

Resistance (too «aay to 
turn or push, or too 
hard to turn or push) 

Correct labels 

I'nderstandable labels 

Slse of labels 

Location of labels 

Absence of unrelated 
or confusing markings 

Visibility of controls 

Angle of view 

Location of critical 
controls 

Reach distance of 
critical controls 

Location of noncritical 
controls 

Reach distance of 
noncritical controls 

Functional grouping 
(controls with related 
functions arc grouped 
together) 

< 

c 

« 
U 

& 

3 
a- 
41 

s 

i 
s 
> 
4) 

(5)   (4)   (3)   (2)  (1) 

A-41 
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t. Control type (type of 
control is approprlat« 
for type of function) 

u. Other (apecify)  

4i 

w 

3 

I   I   1 > 

(S) 

3 
Z 
3 

(4)   (3)   (2)   (1) 

3. Plceee explain any Borderline, Inadequate, or Very Inadequate 
anawera: 

A.42 



"-" ' ' 

N. Using the scale Co the right 
indicate with a check aark 
(•) how adequate the Audio 
Recorder 1» In each of the 
following areas: 

1.  METERS 

a. Display brightness 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

a.  Angle of view 

f. Correct labels 

g. Other (specify)  

2.  CONTROLS 

a. Site (without gloves) 

b. Size (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

e. Spacing between 
controls (without gloves) 

f. Spacing between 
controls (with gloves) 

e    • 1 

I 

1 

C 

cr v 
<t c 

u 
> 

(5)   (4)   (3)   (2)   (1) 

A.43 
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5 
«       -M 3 

3 
Z 
c 

J  5 

(5)  W)   (3)  (2)  (1) 

g.  Re« 1 stance (too •«•>■ to 
turn or push, or too 
hard to turn or push) 

h. Correct label« 

i. Understandable labels 

J. Site of labels 

k. Location of labala 

1. Absence of unrelated 
or contusing mrkings 

m. Visibility of controls 

n. Angle of view 

o.    Location of  critical 
controls 

p.     Reach distance of 
critical  controls 

q.     Location of  noncritlcal 
controls 

r.    Reach distance of 
noncritlcal control» 

a.    Functional grouping 
(controls wich related 
functions arc grouped 
together) 

A-44 
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t. Control typ* (typ* of 
control is Appropriate 
for type of function) 

u. Oth«r (specify)  

I 1 
o- 

8 • « 
• «4 

»-4 3 s 
3 i « 1 ■I 

3 2 1 
M 

li ■ • > 

f) (3) (2) (1) 

3. Please explain sny Borderline, Inadäquat», or Vary Inadäquate 

answart. 
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1 

O.     Uning  the »cale  to   th* right 
Indicate with  I  check nuirk 
(/)   how ddequat«  the  Receiver 
Input  Unit   is   in each of  the 
followinR are««: 

1.     DISPLAYS 

a. Dlnpliv brlghtneaa 

b. AbHence of glare 

c. Absence of flicker 

d. Viewing distanc« 

e. Angle of view 

f. Correct   labels 

g. Other   (specify)  

2.     CONTROLS 

a. Si/-   (without   gloves) 

b. Sice   (with  glovea) 

c. Shape   (without   gloves) 

d. Shape   (with gloves) 

e. Spacing between 
controls   (without   gloves) 

f. Spacing between 
controls  (with gloves) 

I. 
(5)        (A) 

e 

u 
« 

(3) 

« 
■a 
<« 
c 

or 
« 

<< 
c 

> 

(2)       (I) 
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I 3 
S" 
2 

> 

(5)  (4)  (3)  (2)  (1) 

Rcslstanc« (coo e««y to 
turn or push, or too 
h«rd to turn or push) 

Corract label« 

Understandable labels 

Site of labels 

Location of labels 

Absence of unrelated 
or confusing Barkings 

Visibility of controls 

n.  Angle of view 

o.  Location of critical 
controls 

p.  Reach distance of 
critical controls 

q.  Location of noncrltlcal 
controls 

r.  Reach distance of 
noncrltlcal controls 

s.  Functional grouping 
(controls with related 
functions are grouped 
together) 

A-47 
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I 
I er 

01 
c 

« 
U 

SL 

3 
er 

I 
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c 

4» 

l.  Cuntrol type (type of 
control it.  approprlatr 
for lyp« of function) 

u.     Oth*r   («pÄclfy)  

(5)       (4)       (3)       (2)        (I) 

3.     i'liMsr  explain any  Borderline,   Inadequate,  or Very  Inadequate 
anavcra: 

A-48 
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P. Ualnt th« scalt Co th« right 
Indicate with « chack aark 
(/) how adaquata tha kacaivar 
Panals (front and hack) ara In 
aach of tha following araaa: 

1. DISPLAYS 

a. Dlaplay hrlghtnaaa 

Abaanca of glare 

Abaanca of fllckar 

Vlawlng dlatanca 

Angla of vlaw 

f. Corract labels 

g. Othar (apaclfy)  

b. 

c. 

d. 

a. 

2.  CONTROLS 

a. Slia (without glovaa) 

b. Slia (with glovaa) 

c. Shapa (without glova«) 

d. Shapa (with glovat) 

a. Spacing batwaan 
controla (without glovaa) 

f. Spacing batwaan 
controla (with glovaa) 

5 3 

5 

I 
U 
a 
•a 
u 

i 

2 
3 
Z 
3 

(5)  (4)  (3)  (2)   (1) 
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3 1 . I 
3 I 

I i 1 
s 
t 
Z 

(5)       (4)      (3)      (2)       (1) 

g.    R«»lstanc«  (too easy to 
turn or  puah, or  too 
hard  to  turn or push) 

h. Correct  JUbcls 

1. I'ndarMtandabl« labels 

J. Siaa of  labala 

k. Location ol  label« 

1.     Abacncc ol  unrelated 
or confualng urkinga 

m.    Vialblllty of controls 

n.    Angle of view 

o. Location of critical 
controls 

p.  Raach diatanc« of 
critical controls 

q.  Location of noncrltical 
controls 

r. Rsach diatanc« of 
noncrltical control« 

s.  Functional grouping 
(controla with related 
functions srs grouped 
together) 

, 
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41 
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« 
1 

(5)   (41  (3)   (2)   (1) 

t.  Control type (type of 
control Is appropriate 
for typ« of function) 

u. Other (specify) 

J.     Please explain any Borderline,   Inadequate,  or Very   Inadequ.itr 
aniiwera: 

A-51 
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Q.     Using  the  ac«!« to  the right 
Indlcat« with • check aerk 
(/)   how  adequate   the CoBputer 
Control  Unit   la  In each of 
the follovlng area«: 

I.    DISPLAY 

Display brlghtneaa 

Absence of glare 

Absence of flicker 

Viewing distance 

Angle of view 

Correct labels 

Other   (specify)  

2.     COMTROLS 

a. Sise (without gloves) 

b. Sise (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

e. Spacing between 
controls (without gloves) 

f.  Spacing between 
controls (with gloves) 

I 
% 

I 
3 
I 

■o 
8 

e 

I 
i 
u 
« 
> 

(5)   (4)   (3)  (2)  (I) 
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Resiatancc (too easy to 
turn or push, or too 
hard to turn or push) 

Correct labels 

Understandable labels 

Slxe of labels 

Location of labels 

Absence of unrelated 
or confusing markings 

Visibility of controls 

Angle of viev 

Location of  critical 
controls 

Reach distance of 
critical  controls 

vocation of  noncrltical 
controls 

Reach distance of 
noncrltical  controls 

Functional  grouping 
(controls with related 
functions arc grouped 
together) 

I 4« 
C 

(5)       (4) 

2 

(3) 

cr 
« 

■o 
<i c 

2 
3 
O" 

•a 

(2)       (1) 
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Control type (type of 
control Is appropriate 
for type of function) 

Other   (specify)  

3 
cr 

< 

(5)        (4) 

■ 
c 

a« 
u I 

(3) 

t 
3 o- 
«I 
•v 
V c 

I 
■o 
c 

> 

(2)       (1) 

J.     Please explain any   Borderline,   Inadequate,   or Very   Inadequate 
answers: 
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R.    L«lng the seal« to th« right 
Indicate with a check aark 
(/) how adäquat« tha Digital 
Daf Synchroniier  is in tach 
of tha following araaa: 

1.    DISPLAY 

a. Display brightnaaa 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

e. Angle of view 

f. Correct label« 

g. Other (specify)  

2. CONTROLS 

a. Site (without gloves) 

b. Site (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

c. Spacing between 
controls (without gloves) 

f. Spacing between 
control« (with gloves) 

h hi 
« 
"O 
u 

9 

1 
(5)   (4)   (3)  (2)  (1) 
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g. Resistance (too easy Co 
turn or push, or too 
hard to turn or puah) 

h. Corroct label« 

1. Inderutandable labala 

J. Sla« of label« 

k. Location of  labala 

1.    Abaanc« of  unralatad 
or confusing Mrkinga 

a.    Viaibility of controls 

n.     Angle of  via« 

o.    Location of  critical 
controls 

p.     Reach distance  of 
critical controls 

q.    Location of  noncritical 
controls 

r.    Reach distance of 
noncritical controls 

a.    Functional grouping 
(controls with related 
function« are grouped 
together) 

hi 
(5)       (4)       (3)       (2)       (1) 
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c. Control type (type of 
control 1« approprlat« 
for type of function) 

u.    Other  (specify)  

I 3 
3       S 

I   f & 

« 

1 > 

(5)       (4)       (3)       (2)       (1) 

3.    Please explain any Bordarline,  Inadequate,  or Very  Inadequate 
answers: 
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S.     Utflng the acalr  Co  the right 
Indicate with a chack aark 
(/)  how adäquate  the 
Nu I tip lexer  I»  In aach of 
the followlnt araaa: 

1.     OISPUY 

a. Display brlghtnaaa 

b. Ahaance of glare 

c. Abacnce of flicker 

d. Viewing dlatance 

e. Angle of view 

f. Correct labela 

g. Other («pedfy)  

2.  COKTtOLS 

a.  Site (without glovaa) 

h.  Site (with gloves) 

c. Shape (without glovaa) 

d. Shape (with glovaa) 

e. Spacing between 
controls (without glovaa) 

f. Spacing between 
controls (with gloves) 

It 
(5)  (4) 

t 

(3) 

2 

^0 

> 

(2)   (1) 
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g.    Resistance   (too mmmy Co 
turn or puah, or  too 
hard to turn or push) 

h. Correct  label* 

i. Undaratandablc  labels 

J. Sis« of label* 

k. Location of  labels 

1.    Absence of  unrelated 
or confusing ■srkings 

a.    visibility  of controla 

n.    Angle of view 

o.    Location of critical 
controla 

p.    rteach distance of 
critical controla 

q.    I-ication of noncrltlcal 
controla 

r.    Reach distance of 
noncrltlcal controla 

s.    Functional grouping 
(controla with related 
functlona are grouped 
together) 

3 
Z 

■o 
< 

« a 

« 
u 

3 
I 
3 

> 

(5)      (4)       (3)       (2)       (1) 
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3 

3 

to 
•O 
to 

3 
er 

3 

c.     Control typ* (typ* of 
control  Is appropriat« 
for  "yp« of  function) 

u.     Other   (specify)  

(5)        (4)       (3)       (2)       (1) 

3.     Please  explain any  Bordsrllns,   Inadäquate,  or Vary Inadäquat« 
answers: 

A-*) 
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T.    Using th«  acal* to Ch« right 
Indicate with m check urk 
(/)   how adequate th« 
Dwultlplemr Is in ««ch of 
the  following areas: 

1.    DISPLAY 

a. Display brightness 

b. Absence of glare 

c. Absence of flicker 

d. Viewing distance 

«.    Angle of view 

f. Correct labels 

g. Other   (specify)  

2.    CONTROLS 

a.    Sit«  (without gloves) 

Site  (with gloves) 

Shape  (without gloves) 

Shape  (with gloves) 

Spacing between 
controls (without gloves) 

Spacing between 
controle (with gloves) 

I 
I 

9 
Z 
2 

« 
U 

« w 
9 
7 
3 

I 
> 

(5)       (4)       (3)       (2)       (1) 
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Rasiscanc« (too easy to 
turn or push, or too 
hard to tarn or push) 

Correct label« 

Undarstandabla labels 

Sita of labels 

Location of labels 

Absence of unrelated 
or confusing ouirkings 

Visibility of controls 

Angla of view 

o.  Location of critical 
controls 

p.  Reach distance of 
critical controls 

q.  Location of noncrltlcal 
controls 

r.  Raach distance of 
noncrltlcal controla 

a. Functional grouping 
(controls with related 
functions are groupad 
together) 

} . 
u 

9 

1 

i 
41 
a 
er 
a 

(5)       (4)       (3)       (2)       (1) 
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t. Control type (typ* of 
control is appropriate 
for type of function) 

u. Other (specify) 

(5)   (4)  (3)  (2)  (1) 

3.  Pleaae explain any Borderline. Inadequate, or Very Inedequati 
answers: 
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U.    Using  th« seal« Co the right 
indicac« with « check aark 
(/) how adequate the Alternate 
Mode Switching Unit ia In each 
of the following araaa: 

1.     CONTROLS 

a. Slae  (without  glovea) 

b. Size  (with glovea) 

c. Shape  (without glove») 

d. Shape (with glovea) 

e. Spacing veen 
controls     without glovea) 

f. Spacing hatwaan 
control»   (with glovea) 

g. Rasiatance (too eaay to 
turn or puah, or too 
hard to turn or puah) 

h. Correct   labels 

1. Understandable  labels 

J. Sice of   labels 

k. Location of   labels 

1.    Absence of  unrelated 
or  confusing starking» 

A-64 
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<S)      (♦) 

1 
(3) 

2 
3 
Z 
1       I •-•      > 

(2)      (1) 

WUt   mm^m 



  

p. Reach distance of 
critical control« 

q. Location of noncrltlcal 
controls 

r. Reach distance of 
noncrltlcal controls 

s.  Functional grouping 
(controls with related 
functions «re grouped 
together) 

t. Control type (type of 
control Is appropriate 
for type of function) 

u. Other (specify)  

I | z 
I 

1 •o 

1 
1 
1 
M 

« 
> 

(5) (4) (3) (2) (1) 

Visibility of controls ——. 

Angle of view _^__ mmmm 

Location of critical 
controls 

A-65 
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2.    I'le.isf explain any Borderline,  Inadäquat«, or Very Inadequate 
answers: 

A.66 
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V.    Using Che  scale to Ch« right 
Indicate with a check «ark 
(/) how adequate the Aapllflar 
Control Unit   Is In eech of the 
following areas: 

1.     METER k   DISPLAY 

a. Display  brightness 

b. Absence of glare 

c. Absence of flicker 

d. Vlewlnj distance 

e. Angle of view 

f. Correct   labels 

g. Other   (specify)  

2.     CONTROLS 

a. Site  (without gloves) 

b. Sice  (with gloves) 

c. Shape   (without gloves) 

d. Shape   (with gloves) 

e. Spacing between 
controls  (without gloves) 

I«    Spacing between 
controls  (with gloves) 

I 3 

5 

(5)       (4) 

w e 

« 
■o u 

(3) 

3 I 
1 

| 
•o 
3 

U 

> 

(2)       (1) 
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g.     Resistance   (too «asy to 
turn or pimh,  or too 
hard  to turn or push) 

h. Correct labels 

1. Understandable labels 

J. Sise of labels 

k. Location of    labels 

1.     Absence of   unrelated 
or confusing aarkings 

a.    Visibility of controla 

n.    Angle of viev 

o.    Location of   critical 
controls 

p.    Reach distance of 
critical controls 

q.    Location of  noncritical 
controls 

r.    Reach distance of 
noncritical   controla 

s.     Functional  grouping 
(controls with related 
functions are grouped 
together) 

n 

e ** 
3 
Z e 

3 
Z 
1 

(5)       (4) 

J 
e 

(3) 

3 
Z 

(2) (1) 
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I 
t 
(5) 

} 
•H      3 

•    1 

O)  (2) 

I 
(I) 

t. Control typ« (typ« of 
control 1« appropriat« 
for typ« of function) 

u. Other (specify)  

3.    Pl«ia« «xplaln any Bordarline,  Inadäquat«, or Vary  Inadäquate 
anawara: 

A-69 
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W.     Uainf the SCAI« to th« right 
indicatt with a ch«ck aarfc 
(/) how adäquat« tha lacltar 
Panali ara la aach of tha 
follovlnt ar« 

i.   Mrms 

a. Dlaplay brlghtnaa« 

b. Abscnca of glare 

c. Absence of   flicker 

d. Viewing distance 

a. Angle of vlaw 

f. Correct labela 

g. Other  (specify)  

2.     CONTROLS 

a. Site (without glovaa) 

b. Site (with glovaa) 

c. Shape (without glovaa) 

d. Shape (with glovaa) 

e. Spacing betvean 
controls (without glovaa) 

f. Spacing betwaan 
controla (with glovaa) 

■ 

} I { 
(5)      (4)      <3)      (2)      (1) 
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(5) (4) (3) (2) (1) 

>• Rciltcanc« (Coo »may to 
cunt or puah, or too 
hard to turn or push) 

Correct labels ^_ , 

Undtrstandabl« labels _ MM* 

Sits of labels __ __^ ___ 

Location of labels __ ^^^p^ «~-^_ 

Absence of unrelated 
or confueing aarklngs   

Visibility of controls mmm 

Angle of view   —— — —. 

o. Location of critical 
controla 

Reach distancs of 
critical controls 

Location of noncritlcal 
controle 

r. Reach distance of 
noncritlcal controls 

s. Functional grouping 
(controls with related 
functions are grouped 
together) 

A-71 
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(S)      (4)      (3)       (2)       (1) 

c.    Control typ« (typ« of 
control is approprliit« 
for typ« of function) 

u.    Oth«r (•p«clfy)  

3.     Please «plain any Bordorlln«,   Inadäquat«, or V«ry Inatequat« 
HHHM 
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X.    Ualag the ical« to th« right 
Indlcatt with a ch«ck «ark 
(•) ho« adäquat« th« Main 
Circuit Braakar Panal ia in 
aach of tha following araaa: 

1.    METERS 

a. Display brlghtnaaa 

b. Abtence of glare 

c. Absence of   flicker 

d. viewing dlatanca 

a.    Aigle of via« 

f. Correct labala 

g. Other (specify)  

2.     CONTROLS 

a. Site (without glow««) 

b. Site (with glow««) 

c. Shape (without glow««) 

d. Shape (with gloves) 

«.    Spacing between 
controls (without gloves) 

f.    Spacing between 
controls (with glow««) 

I 
« > 

3 

I 
u i z 

1 
(5)      (4)       (3)       (2)       (I) 
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R««<sc«ncc (too «aay Co 
turn or push, or too 
hard to turn or push) 

h. Correct labels 

1. Undaratandabla labels 

J. Size of labels 

k. Location of labels 

1. Absence of unrelated 
or confusing aarkinga 

m.    Visibility of controls 

n. Angle of view 

o.     Location of critical 
controls 

p.     Reach distance of 
critical controla 

q.     Location of noncritical 
controls 

r.    Reach distance of 
noncritical controls 

s.     Functional grouping 
(controla «rich rslstsd 
functions srs grouped 
together) 

I,III 
1 } 1 f f 
(5)       (4)      (3)      (2)      (1) 
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M 

I 
m 
> 

(5) (*) (3) (2) (1) 

Control typt (typ* of 
control la appropriate 
for typ« of function) _ _ 

Other («pacify) 
a 

3.     Plcaac explain any Borderline,   Inadequate, or Very Inadequate 
ancvera: 
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Y.     Using the  scale  to the right 
Indicate with a check «ark 
(/) how adequate the Manual 
Valuae for Maat Panel la In 
each of  the following araaa: 

1.    METER 

a. Display brightness 

b. Absence of glare 

c. Absence of flicker 

4.  Viewing distance 

e. Angle of view 

f. Correct labels 

g. Other (specify)  

2.  CONTROLS 

a. Sire (without gloves) 

b. Sise (with glovea) 

c. Shape (without gloves) 

d. Shape (with glovea) 

e. Spacing between 
controla (without glovea) 

f. Spacing between 
controla (with glovea) 

I 
> 

(5) 

I 
j 2       3 

I 
I 
e > 

(4)      (3)      (2)      (1) 
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I 9 

5 

« 
u 

3 
8" 
3 

I 
Z 
3 

« > 

(5)  (4)  (3)  (2)   (1) 

g.  Rcalacanc« (too taiy to 
turn or puah, or too 
hai'd to turn or puah) 

h. Correct label« 

1. Undaratandabl« labala 

J. Sit« of Ubala 

k. Lot-it Ion of labala 

1. Abaence of unralatad 
or confusing aarklnga 

a.  Vlalblllcy of controla 

n.  Angle of vlaw 

o.  Location of critical 
controla 

p.  Reach dlatanc« of 
critical controla 

q.  Location of noncritical 
controla 

r. Roach distance of 
noncritical controla 

a. Functional grouping 
(controla wich rslatsd 
functions sr« grouped 
together) 

A-77 
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} i .1 
I I 1 1 I 
(5)  (4)  (3)  (2)  (1) 

C. Control type (typo of 
control is appropriate 
for typ« of function) 

u.  Other (specify)  

3. Please explain any Borderline, Inadäquate, or Very Inadequate 
answers: 

A-78 
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Z. Using th« seal« to th« right 
indicate with a cback aark 
(/) how adaquato tha Daploy 
Switch for Data Link Antanna 
Is In aach of tha following 
araas: 

1. CONTIOLS 

a. Site (without gloves) 

b. Slse (with gloves) 

c. Shape (without gloves) 

d. Shape (with gloves) 

a.  Spacing between 
controls (without gloves) 

f. Spacing between 
controls (with glovss) 

g. Resistance (too easy to 
turn or push, or too 
hard to turn or puah) 

h. Correct label» 

1. UnderetamWö]« labels 

J. Site of laVls 

k. Location of labels 

1. Absence of unrelated 
or confusing asrklngs 

9 

i « > 

3 I 
3 

u 
m 

■o u 
& 

3 
ff 
•o 
a 

■ 
•o 
g 

« 
> 

(5)   (4)  (3)  (2)  (1) 
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3   I 
I   I 

I 
I 

(3)  (4)  O)  (2)  (I) 

a. Visibility of control« 

n. Anglo of vlow 

o. Location of critical 
cootrola 

p.  Reach distance of 
critical controla 

q.  Location of noncritlcal 
controla 

r. Reach distance of 
noncritlcal controla 

«.  Functional grouping 
(controla with ralataJ 
functions are groupad 
together) 

t. Control type (type of 
control ia appropriate 
for type of function) 

u. Other (apecify) 

A-« 

»■- ' ~ 
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2.    Picas« explain any BorderUn«,  Inadäquat«, or Vary Inadäquate 
answer■: 

A-81 
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AA.    Uiing th« scale Co the right 
Indicate with a check Mirk 
(/) how adäquat« the CaneratOT 
Control Panel Is In «ach of 
the following areas: 

1.    METERS 

s.    Display brightness 

b. Absence of glare 

c. Absence of  flicker 

d. Viewing distance 

c.    Angle of view 

f. Correct labels 

g. Other (specify) 

2. CONTROLS 

s. Size (without glovaa) 

b. Site (with gloves) 

c. Shape (without gloves) 

i  Shape (with gloves) 

e. Spacing between 
controls (without gloves) 

f. Spacing between 
controls (with glove«) 

I 
t •8 

3 

1 
(5)  (4)  (3)  (2)  (1) 
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g. Resistance (too ««ay Co 
turn or push, or too 
hard to turn or push) 

h. Correct labels 

1. Undaratandablo labels 

J. Sits of labsls 

k. Location of labels 

1. Abasncs of vnralatad 
or confusing markinga 

■. Viaibility of controla 

n. Angle of vis« 

o. Location of critical 
controla 

p. Reach distance of 
critical controla 

q. Location of noncritical 
controla 

r. Reach distance of 
noncritical controla 

a. Functional grouping 
(controla with related 
functiona are grouped 
together) 

i 
t i 

j 
« •o 
h 

e 

1 
(5)   (4)   (3)   (2)  (1) 
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C. Control type (type of 
control is appropriate 
for typ« of function) 

u.    Other («pacify)  

! { I 

  

I * 11 i 
E 

(3)      (4)      (3)      (2)      (1) 

3.    PI«««« explain «ny Border Ho«,  In«d«quata, or Vary Inad«qu«t« 
anawera: 

A-84 



 11..»™ 

' 

BB. Using Ch« seal« to th« right 
Indicate vlth a check «ark 
(/) how adäquat« th» iBargaocy 
Air Swply Svltch la In aach 
of cha following araaa: 

1. CONTROLS 

a. Site (without gloves) 

b. Sit« (with gloves) 

c. Shap« (without glovaa) 

d. Sh/ip« (with glovaa) 

a.    Spacing botwaan 
controla (without glovaa) 

f. Spacing batwoon 
controla (with glovaa) 

g. Raslstanc« (too aaay to 
turn or push,  or too 
hard to turn or push) 

h. Corrtct labels 

1. Underst«ndabl«  labels 

J . Slie of  labels 

k. Location of labels 

1.    Absence of unrelated 
or contusing Barkings 

u 
9 

i 
■o 
a 

« > 

(5)       (4)       (3)       (2)       (I) 
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a.    Visibility of  control« 

n.     Angl«  of  vlev 

o.    Location of  critical 
control« 

p.     Reach  distance of 
critical control« 

q.     Location of  noncrltlcal 
control« 

r.    Roach dlstanc« of 
noncrltlcal controls 

«.    Functional grouping 
(control« with related 
function« ar« groupad 
togethar) 

t.    Control  typa   (type of 
control  1« appropriate 
for typ« of  function) 

u.    Other   (specify)  

I 
I 

mm 

3 
I 
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3 
Z 
1 
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(3)       (♦)       (3)       (2)      (1) 
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2.    Plc«st explain any Bordarllnt,  Inadequate, or Vary  Inadequate 
ancwara: 

A-87 
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CC.    Using th« seal« to  the right 
indicate with a check nark 
(/)  how adequate the Ground 
tod Drive Aae—bly Control« 
are in each of the following 
areaa: 

I.    CONTROLS 

Sire (without (loves) 

Site (with glove«) 

Shape  (without glove«) 

Shape   (with glove«) 

a. 

b. 

c. 

d. 

«. Spacing between 
control«  (without gloves) 

f. Spacing between 
control« (with gloves) 

g. Rs«istsnc«  (too es«7 to 
turn or push, or too 
hard to turn or push) 

h. Correct  label« 

i. Understsndsbl« labels 

J. Sits of Isbsls 

k. Location of  Isbsls 

1.     Abaenc« of  unrelated 
or confusing narking« 

I 
3 

i 
(4)       (3)       (2) 

t > 

(1) 
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3 
Z 
1 
M 
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> 

(5)       (4)      (3)      (2)       (1) 

m.    ViBlblllty of controls 

n.     Angle of  view 

o.    Location of critical 
controls 

p.    Rssch dlstsncs of 
criClcsl controls 

q.    Location of noncritical 
controls 

r.    Rssch distsnes of 
noncritical controls 

s.    functional grouping 
(controls with rslstad 
functions srs groupsd 
togathsr) 

t.    Control typt (typt of 
control is sppropriats 
for :yps of function) 

u.    Othar (spacify)  

A-89 
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2.    Pie««« «jq>l«ln my lordarllM. IiMda^iMCa. or Vary Iaad«qu«t« 
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II. Vforkspac« 

A. Using the scale Co the right 
Indicate with a check aark 
(•') how adequate Che work- 
space in cha TACJAM is 
for each of the following 
factors: 

1. Leg rooB 

2. Elbow room 

3. Seating 

a. Horizontal  adjustaent 

b. Vertical  adjustment 

c. Backrest 

d. Cushioning 

4. Storage roo» (for papers, 
personal  iCaaa,  coabat 
gear,  etc.) 

5. Ocher  (specify)  

111 
a ■ 
3 

• Z 1 "V 

3 s 

i ST 
• 

(5)       (4)       (3)      (2)       (1) 

6.    Please explain any Borderline,  Inadaquaca, or Very Inadequate 
responses: 
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1 

I would Ilk* you Co take • ftw alnut«* now to consider the 
overall configuration of tht TACJAM Systaa.    Baaad on your 
axperlenc* with th* ay at an, could tha ay at a« ba mad« nora 
afflclant and aaalar to us« by arranglnt tha coaponantt In 
a different way?    If ao, how would you arrange than?    (Pleaae 
support  your «newer). 
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III.    Bnvlronacnt 

Using th« seal« to Ch« right 
Indicat« with a chack aark 
(/) how adequate tha 
anvlronaantal condition« in 
your work workapaca ara: 

Teapcrature 

Ventilation 

Noiaa 

Vibration 

Illualnation 

Other   (epecify) 

9 

u « 
3 I 

i  I 
I 
1 
« 
> 

(5)       (4)       (3)      (2)      (1) 

A-93 

■M^Bi 



-, ■""' ■ 

•w '2 •o I 
« 

| a» 3^ 1 ■ 
Safaty 

Indlcata wich a chack mmxk (/) 

a 
m ■ 

■2 

1 
5 
u a 

3 

• 1 1 1 

a 

1 11 
if any of tha haxarda liatad to I » 1 I ! the right aslst  for tha ■ 1 M i following controla and ] £ 1 indicator«  (plaaaa explain M WW w 

your anawara). (1) (2) (3) (4) (5) (6) 

1.    TACJAM Control Panel ■MM .   | ^^^ ,   | ■ -,,, 

2.    Function Button Paaal m^/mm „   .„ __^ _„_ , , 

3.    Receiver Control Panel _ - _„_ _- ^^.^ 

4.    Keyboard 

3. Plaaaa Diaplay Indicator 
Panel 

6. Panoramic Indicator 

7. Auxiliary Bqulpaant 
Control Panal 

8. Antenna Diaplay Junction 
Box 

9. Filtered 400 H« Power 
Diatribution Box 

10. Tranaaittar Panal 

11. Power Interlock Panel 

12. Antenna Control Unit 

13. Signal Interface 
Diatribution Unit 

14. Audio Recorder 

15. Receiver Input Unit 
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16. Receiver  Panels 

17. Computer  Control Unit 

18. Digital Data Synchroniser 

19. Alternate Mode Switching 
Unit 

20. Aapllfler  Control Unit 

21. Esciter Panels 

22. Main Circuit Breaker Panel 

23. Manual Valvea for Maat 
Panel 

24. Deploy Switch for Data 
Link Antenna 

23.    Generator Control Panel 

26. Baergency Air Supply 
Switch 

27. Ground Rod Drive Aaeeably 

28. Equipment   Shelter 

29. H548 Cargo Carrier 

W.    Other  (eptrclfy)  

■o 
■ 

•o : 

S« 
■ 1 1 ■ ■ 

s; 3S 43 
a« 

I 
T» 1 E *t 

*■> I -4   M 
1 

| 0 

3 3 2^ o -HI 

«4 
■ 
4J 

I 9 if 1 1 
I M 25 

u m 
^ > u ■ 

« 1 US 2 2 
(1)        (2)       (3)        (4)      (5)       (6) 
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31. Picas« list any other safety hasarda. 
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V.    Operating Procedures 

Listed below are the procedures 
perforeed by TACJAM operators. 
Please rate, using a check aark 
(/). how easy or difficult It 
is to perforB eech of these 
procedures, and how easy or 
difficult it Is to understand 
the Operator's Manual for each 
of these proceduree.    Also, 
describe eny difficulties and 
possible solutione to the 
difficulties. 

Initial Adjustments 
Procedures 
Manual 

> 

(5) 

5 M 
f-4 a 9 

h 1 u 

M Wi «M 

J 1) v4 a 

(4) (3) (2) 

1 

u 
«I 
> 

(1) 

B. Prelininary Operating 
Proceduree 

Proceduree 
Manual 

C. TACJAM Startup and Checkout 

1. Power-up 
Proredurea 
Manual 

2. Conputer Start-up 
Proceduree 
Manual 

3. Reloeding Prograa File 
Proceduree 
Manual 

4. Proceeeor Teet 
Proceduree 
Manual 

S. Systen Teet 
Procedures 
Manual 

Fault Page 
Procedures 
Manual 
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7.  Transmitter Tent 
Procedures 
Manual 

I 
1 1 ■i IM 

M »H •M 

i 9 1 

t | IM rr 1 d £ 9 
Ö > 

(5) (*) (3) (2) a) 

D. Loading the Bootstrap 
Procedures 
Manual 

E. Checking Existing Tasking 
Procedures 
Msnual 

F. Spot Page 
Procsdures 
Manual 

C.  Tasking Data Fields 
Procedures 
Manual 

H.  Alternate Tasking 
Procedures 
Manual 

I.  Selection of Tasking 
Paraaeter« 

Procedures 
Manual 

J.  Transaltter Modulation Types 
Procedures 
Manual 

K. Lockout Page 
Procedurea 
Manual 
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I 
9 

(5)      (4)      (3)      (2)       (1) 

L.    Autoaatlc Operation 

1. Am or inhibit trnnnalttnra 
Procedural 
Manual 

2. Inhibit individual apota 
Procaduraa 
Manual 

3. Rapeaition antanaaa 
Procaduraa 
Manual 

M.    Direct Optrator Control 

1. Racaivar Salactlon 
Procaduraa 
Manual 

2. Racaivar Tuning 
Procaduraa 
Manual 

3. Manual Jaaaiag 
Procaduraa 
Manual 

4. Hold Function 
Procaduraa 
Manual 

5. Coaaand Linaa 
Procaduraa 
Manual 

H.    Raaota Operation 
Procaduraa 
Manual 
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O.  Operation Under Unusual 
Conditions 

I 
I    I 
(5)  (4) 

u I 
(3) 

3 

(2) 

3 

u 
> 

(1) 

Extreae heat 
Procedures 
Manual 

2. Extreac cold 
Procedures 
Manual 

3.    High inaidicy 
Procedures 
Mammal 

A.     High wind 
Procedures 
Manual 

P.     TACJAM Shutdown 
Procedures 
Manual 

Q.    TACJAM Preventive Maint 
Procedures 
Manual 

R.     Heat  Exchanger Halntcna 
Procedures 
Manual 

S.    Vehicle Preventive Maint« 
Procedures 
Manual 

T.     Troubleshooting 
Procedures 
Manual 

U.    Other (specify). 
Procedures 
Manual 
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V.  PIMM explain any difficulti«« you had with operating procedures 

or tht «anual. 
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VI Ti  itnlUK 

A. How many   IKIUTM  liave you  Mpvnt   optratlng   thu TACJAN »ytttemf Urn. 

B. Pl««a« describe the foraal  training you r«c«lv«d on thp TACJAN lyscoa. 

Pof Location 
No. of Hrs. 
of tMinlat 

Doocrlption 
of ^rainlni 

Aftor completing the formal   training program for tha TACJAM ayatcm,  how 
confidant war* you that you could adequately carry out a TACJAN mlaaion? 

  Vary Confidant 
  Confident 
  Borderline 
  UnconfIdent 
  Very Unconfident 

Now that you have finiahed the TACJAN teat, how confidant are you Chat 
you can adequately carry out a TACJAN mlaaion? 

  Very Confident 
  Co 'Ident 
  Bovderlint 
  Unconfident 
  Vary Unconfident 
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E.  Pleaae describe any crltlclnu you have of the formal training 
program for TACJAH operators. 

F.  Please describe any parts of the TACJAM syatem or procedures used 
in operating the TACJAM system which you fiol should receive 
special emphasis In developing a formal training program for 
TACJAM operators. 
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APPENDIX B 

TACJAM H*inten«nce Questionnaire 

Same 

MOS 

Date 

Ple«»e answer each of the following quest ion« aa best you can.  Base 
your responses on the experiences which you have had on this test. 

1 
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I.  Test Kqulpaent 

A.  BITE 

1.  Rat* the general usefulness of the BITE feature of the TACJAM 
syste«.  (Check on«) 

Extreaely useful 
Quite useful 
SownrhsC useful 
Slightly useful 
Not st sll useful 

2.  Plesse describe my  asjor probleas you had with Che BIT! feature. 
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B.  Te«t Maintenance and Diagnostic Equipaent (TMDE) 

1.  Rate tha usefulness of the TMDE for TACJAM.  (Check one) 

Extreaely uaeful 
Quite uaeful 
Soaawhat uaeful 
Slightly uaeful 
Not at all uaeful 

2.  Please describe any major probleaa you had with the TMDE. 
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3.    How saclsfaccory La th« TMDE for 
(Cncck on«) 

Vary aaclafactory 
Satiafactory 
Bordarllna 
Unaatlafactory 
Vary unaatlafactory 

in a tactical anvironaant? 

4.    Plaaaa explain "Bordarllna". "Unaatlafactory", or "Very 
unaatlafactory" aaawnra. 

» 
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C. Aut<Nut«d Test Equipacnt (ATE) 

1.  Rat« the usefulness of the ATE for TACJAM.  (Check one) 

Extrcaely useful 
Quite useful 
Soaewhet useful 
Slightly useful 
Not at all useful 

2.  Please describe any major problems you had with the ATE 

B-05 
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II.     Rvpair 

A.    Test Points 

1.    How adequate la tho accasslblllty of  tha «aintoaanca taat points 
of  tha TACJAM kystaa?    CChack on«) 

  Vary adequate 
  Adequate 
^  lorderllne 
  Inadequate 
  Very Inadequate 

2.    Please explain, "Borderline", "Inadäquate**, or "Vary Inadequate" 
answera. 
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B.  Subcoaponcncs 

1.  How adequate la tha TACJAM ay a tea wich respect to the ease of 
replacing aubcoaponanta.  (Check one) 

  Vary adäquate 
______ Adequate 
  Borderline 
  Inadequate 
_______ Very inadequate 

2.    Pleaee explain "Borderline",  "Inadequate", or "Very inadequate" 
anavera. 
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C.     Major Cooponcnts 

I.     Hew adequate  is  the TACJAM ayste« with respect  Co the case of 
replacing aajor c T (CtMck ) 

Very adequate 
Adequate 
Borderline 
Inadequate 
Very inadequate 

2.    Please ««plain,  "Borderline", "Inadequate",  and "Very  inadequate' 
ansuers. 
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D.    Calibration 

1.    What problema,  If any did you have In calibrating the TACJAM 
aystaa? 
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III.     Technical Manuals 

A.    Clarity 

1.    Rate the Maintenance technical manual with respect to clarity 
of presentation of  information.     (Check one) 

Very satisfactory 
Satisfsctory 
Borderline 
Unsstlsfactory 
Very unsatisfactory 

2.    Explain "Borderline",  "Unsstisfsctory",  or "Very unsstlsfsctory* 
answers. 
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B.     Accuracy 

1.     Rate  Che maintenance technical manual with respect  to accuracy 
of Information. 

Very aatlsfactory 
Satisfactory 
Borderline 
Unsatisfactory 
Very unsatisfactory 

2.     Explain "Borderline",  "Unsatisfactory",  and "Very unsatiafactory* 
answers. 
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C.     Slmpllcltv 

I.    lUtc the maintenance  technical vanual with  respect   to mimpl'   ity 
of  offnltation of  Information  (I.e.,  it it eaay  to find  Infoma- 
tion in the aanual?). 

Very  aatlafactory 
Satisfactory 
Borderline 
Unsatisfactory 
Vary unsatisfactory 

2.    Explain "Borderline".  "Unaatisfactory**. or "Very unsatisfartory' 
annwera. 
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D.    Coaplctcnesa 

1.     Rate the aalnttnance  technical manual with reapect  to cowpK'te' 
naaa of  Information. 

Vary aatiafactory 
Satiafactory 
Border Una 
Unaatlafactory 
Very unaatlafactory 

2.    Explain "Bordarlina", "Unaatlafactory", or "Very  unaailafactory" 
anawera. 
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IV.      I.OKI •! its 

A.     PnuodurcK 

1.     How adäquate are the aalntcnance supply procedures  for TACJAM? 

  Vary adäquate 
  Adäquate 
  Borderline 
  Inadequate 
  Vary inadäquate 

2.     Explain "Borderline".   "Inadäquate",  or "Very  inadäquate" anawers 

B-l* 
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B.    Allocation 

1.    Hov adequate  la the «alntenance allocation concept  for the 
TACJAM  sysU-m? 

Very adequate 
Adcquatt 
Borderline 
Inadequate 
Very  Inadequate 

2.     Explain "Borderline",  "Inadequate",  or "Very  Inadequate" answers. 
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APPENDIX C 

TACJAM FOLLOW-ON QUESTIONNAIRE INTERVIEW 
FOR MAINTENANCE PERSONNEL 

NAME, 

MOS 

DATE 

' 

Tht following questionnairc  includes quastioni on TACJAM maintenanc« 
thai ware not  covarad in cha pravioua queat ionnaire.    Plaaaa answer the 
questions as  best as you can,   taking as auch  tine as you feel  is 
necesssry.     The interviewer will answer any questions you say have and 
will write down any additional coaaants you would like to make. 

C-Ol 



■ " ' 1 

1.     TRAINING 

A.    What   type of  maintenance arc you trained to pcrfora on TACJAN? 

Organizational Maintenance 

intermediate Maintenance 

Depot  Maintenance 

B.    Pleaae deacrlbe the training prograa you underwent In acquiring 
your knowledge of the TACJAN ayatce.     Include  foraal  courae titles, 
subject matter of courses,   location of courses,   length of courses, 
inU date of  courses.     If you had no formal courses,  describe how you 

became knowledgeable of TACJAM by listing OJT  locations,  time periods 
uf OJT,   etc. 
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XI.    ORGANIZATIONAL MAINTENANCE 

A.     Tool«. 

1. W«r« you issued «ny special cools,  other than the 
standard  tool kit,  for performing organizational 
maintenance on TACJAM? 

YES NO 

If yes,   list the«. 

2.    Did you need additional tools for: 

1. Preventive «aintenance? 
2. Troubleshooting? 
3. Replacing boxes? 
A. Other «aintenance? 

If yes,   please txplain. 

Yes No 
Yes No 
Yes 
Yes 

No 
No 
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B.    Special   Skills. 

Were any special skills required, other Chan those that a 
school trained maintenance aan vlth a 33S NOS would have, 
to per font organisational aaintenance  on TACJAM? 

YES NO 

If yes,   please explain. 

C.    Repair Parts. 

Old you  have any  probl 
level of   organizational 

in obtaining  repair parts at the 
ilntenancc? 

YES 

If yes,   please explain. 

C-04 
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0.    M«lnt«n«nct Proccdura«. 

1.    Ar« Ch«r« «ay ■alntaoanc« proc«dur«* currently •■■Xgncd 
co  Ch« l«v«l of organitational •aintenanc« which could 
«ctually b« pcrforatd by TACJAM operator*? 

YES NO 

If   yei.  plcaaa «plain. 

2.    Ar« thtr« any aalntanance procadurts currently assigned 
to  the level  of organisational maintenance which should 
actually be aaslgned to the level of  Inteneedlate or 
depot aalntanance? 

YES NO 

If  yas,  pleaae explain. 

t 
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i.    Ar« Cher« any aaintananc« proctdur«« at  the  level  of 
organizational «alntcnanc« that are hasardoua? 

YES NO 

If  yes,   please explain  them and,   If  possible,   give 
suggestions on Wov to reduce th« hetard. 
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